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FUEGORED2009 is the second annual meeting of the “Red Temática Nacional 
Efectos de los Incendios Forestales sobre los Suelos”, an initiative of the National 
Plan I+D+I supported by the Spanish MInistry of Science and Innovation. This 
network is composed of many Spanish research groups that are dedicated to 
research to soils and environments affected by forest fires. Because of the 
worldwide relevance of this subject, there already exist considerable 
collaborations with many foreign research groups. Therefore, the goal of the 
present meeting is to offer a platform to exchange and discuss recent research 
efforts and ideas –both on a national and an international level– and to extract the 
research lines that needs to be followed in the future. A second goal of this meeting 
is to approach young scientists to become involved in and to contribute to this 
research area with their new ideas. With this in mind we sincerely welcome all the 
participants of the meeting, coming from all over Spain but also from abroad and 
are looking forward to dynamic and fruitful discussions with exchange of thoughts 
and ideas that move us forward. 
This meeting is organized under the auspices of the Consejo Superior de 
Investigaciones Científicas, the Universidad de Sevilla and the National Thematic 
Network FUEGORED, with the collaboration from the regional government (Junta 
de Andalucía) and and the Plenary of Cortegana. This volume comprises the 
abstracts of the contributions that were accepted to be presented at the meeting. 
The oral presentations are divided into 7 different sessions covering the various 
chemical, biological and physical aspects of fire impact on soils. Those sessions are 
part of the first and third meeting day and are interrupted by a day dedicated to a 
field trip to fire affected areas and the poster session. The latter gives the 
opportunity to continue stimulating scientific discussions about the impact of fires 
on soil.  
We would like to thank the FUEGORED2009 Organizing Committee for their 
constant work needed for a successful meeting. We also want to thank the 
participants for their valuable contributions that allowed us to create this 
interesting, comprehensive and balanced program. We also thank all sponsors for 
their support, without which the second international meeting of the FUEGORED 
would not have been possible. 
 
Heike Knicker 
Chairwoman of the meeting 
José A. González-Pérez 
Chairman of the organizing 
committee 
Francisco J. González-Vila 






FUEGORED2009 es la segunda reunión anual de la Red Temática Nacional Efectos 
de los Incendios Forestales sobre los Suelos, una acción del Plan Nacional de I+D+I 
y financiada por el Ministerio de Ciencia e Innovación. Dicha red está formada por 
un alto número de grupos de investigación españoles dedicados a la investigación 
del medio ambiente y los suelos afectados por incendios forestales. A causa del 
interés mundial sobre este tema, existe ya un gran número de colaboraciones con 
diversos grupos de investigación extranjeros. Por lo tanto, el objetivo de esta 
reunión consiste en ofrecer una plataforma de intercambio y discusión de las ideas 
y tendencias en investigación más recientes –tanto a nivel nacional como 
internacional– y señalar las líneas de investigación que necesitan ser desarrolladas 
en el futuro.  Un segundo objetivo de este encuentro es ayudar a los jóvenes 
científicos a definir su implicación y a contribuir con nuevas ideas a este área de 
investigación. Con esta finalidad en mente, damos nuestra sincera bienvenida a 
todos los participantes en la reunión, que vienen de todos los puntos de España así 
como de otros países, y que participarán en discusiones dinámicas y fructíferas 
mediante el intercambio de pensamiento e ideas necesarios para el avance 
científico. 
Este encuentro está organizado gracias a la ayuda del Consejo Superior de 
Investigaciones Científicas, la Universidad de Sevilla y la Red temática FUEGORED, 
y con la colaboración de la Junta de Andalucía y el Ayuntamiento de Cortegana. El 
presente volumen incluye el resumen de las contribuciones cuya presentación fue 
aceptada. Las presentaciones orales están divididas en 7 sesiones diferentes, 
recorriendo los diversos aspectos químicos, biológicos y físicos del impacto de los 
incendios en el suelo. Dichas sesiones tendrán lugar durante el primer y tercer día 
del encuentro, y están separadas por un día dedicado a una excursión a áreas 
afectadas por el fuego y por una sesión de pósters. Ésta última da la oportunidad 
de continuar interesantes discusiones científicas en torno al impacto de los fuegos 
en el suelo. 
Nos gustaría agradecer al Comité Organizador de FUEGORED2009 por su 
constante trabajo, tan necesario para el éxito de la reunión. También quisiéramos 
agradecer a los participantes por sus valiosas contribuciones, que nos han 
permitido crear este programa tan interesante, completo y equilibrado. Tampoco 
quisiéramos olvidar mencionar nuestro agradecimiento a todos los patrocinadores 
por su apoyo, sin el cual la segunda reunión internacional de FUEGORED no 
hubiera sido posible. 
 
Heike Knicker 
Chairwoman of the meeting 
José A. González-Pérez 
Chairman of the organizing 
committee 
Francisco J. González-Vila 
Chairman of the scientific 
committee 
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II Jornadas Internacionales 
Efectos de los Incendios Forestales sobre los Suelos 
II International Meeting on Forest Fire Effects on Soils 
Actualización metodológica y aportaciones a la gestión post-incendio 
FUEGORED2009 
 
Del 4 al 6 de noviembre de 2009 
 
International day: Wednesday, 4 November 2009, 
University of Seville  
08:30-09:30 Registration  
09:30-10:00 Opening session: H. Knicker (Chairwoman), A. Cerdá (Coordinator 
of Fuegored), Luis Clemente (Director of IRNAS-CSIC), Francisco 
Gil (Dean of the Faculty of Biology, University of Seville) 
Session 1: Impact of wildfires on soils 
10:00 - 10:30 Fire effect on carbon erosion and stabilisation in tropical soils under 
slash and burn agriculture.  Cornelia  Rumpel (France) 
10:30 - 11:00 Effects of wildfires on soil organic matter of coastal pine forests of 
Tuscany. Giacomo Certini (Italy) 
11:00 - 11:30 Impact of extreme 2009 wildfires in Victoria on the soil system. Stefan 
Doerr (UK), RA Shakesby, GJ Sheridan, PNJ Lane, HG Smith, T Bell, J 
Brooks , WH Blake 
11:30-12:00 Coffee Break 
Session 2: Soil erosion after wildfire 
12:00 - 12:25 Soil erosion at different scales in two Mediterranean watersheds 
Navalón, Valencia. Artemi Cerdà (Spain), J Mataix-Solera, SH Doerr, 
MB Bodi 
12:25 - 12:50 Modeling soil erosion for burnt eucalyptus slopes in Central Portugal.  
Joao P. Nunes (Portugal) MC Malvar, DCS Vieira, JJ Keizer 
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12:50 - 13:15 Estimating sediment exports from recently burnt areas using turbidity 
sensors: comparison of a new, fibre-optic-based sensor versus a 
classical optical backscatter sensor. Sergio  A. Prats (Portugal), L 
Bilro, RSV Ferreia, RN Nogueira, JJ Keizer 
13:15 - 13:40 Analysis of the 1:5 soil:water extract in samples from volcanic soils 
under broom scrub subjected to experimental thermal treatment Jesus 
Notario (Spain), E Domíngeuz, S Estupiñán, A Rodríguez, C Arbelo 
13:40 -15:00 Lunch  
Session 3: Soil restoration after fire 
15:00-15:30 Plenary session: Técnicas de restauración de suelos afectados. J.C. 
Costa (Dirección General del Medio Natural. Servicio de Restauración 
del Medio Natural. Consejería de Medio Ambiente-Junta de 
Andalucía) 
15:30-15:55   New tools for forest fire fighting and forest ecosystems recovery Tarsy 
Carballas (Spain), MI Paz Andrade, A Alonso-Betanzos, E Carballo, 
V Caselles, M Díaz-Raviña, A Gago, E Jiménez, JL Legido, A Martín, 
MM Mato, A Varela, A Vázquez Galiñanes 
Session 4: Chemical and biological changes in soils affected by wild fires 
16:00 - 16:30 Plant molecular composition changes as a function of burning 
conditions and how it can be traced in soils. Guido Wiesenberg 
(Germany) 
16:30 - 16:55 Soil response, microbial activity and natural regeneration after fire 
passage in a semiarid Aleppo pine forest Daniel Moya (Spain), J Hedo, 
M Andrés, C Wic, J, de las Heras, FR López-Serrano, P Ferrandis, E 
Rubio, ME Lucas-Borja 
16:55 - 17:15 Coffee Break 
17:15 - 17:40 Variability in the effect of ash on post-fire runoff and erosion: The role 
of ash structure and composition Scott W Woods and Victoria N 
Balfour (Montana, USA) 
16:40 - 18:05 Degradation of pyrogenic organic plant residues in soil. André 
Hilscher (Germany), C Siewert, H Knicker 
18:05 - 18:30 Effects of fire severity on the topsoil seed bank composition and 
viabillity in a Maritime Pine stand, Central Portugal Paula Maia 
(Portugal), I Fernandes, J Pausas, JJ Keizer 
18:30 - 18:35 Closing remarks for the international day 
18:45 - 20:45 Bus trip: Sevilla-Posada de Cortegana  
21:15 Dinner at Posada de Cortegana 





Jueves 5 de Noviembre, Cortegana 
08:00 - 08:45 Desayuno 
09:00 Salida del autobús  
09:45-13:30 Visita de Campo.  Visita a zonas de restauración forestal post-
incendio llevadas a cabo por la Junta de Andalucía en la comarca del 
Corredor de la Plata. 
Itinerario previsto: Cortegana – El Madroño – El Álamo – 
Aznalcóllar – Cortegana. 
Coordinación: Consejería de Medio Ambiente (Junta de Andalucía) 
13:30 - 15:45 Traslado en autobús y almuerzo en Posada de Cortegana. 
15:45 - 16:00 Traslado en autobús al Teatro de Cortegana. 
16:00 - 16:45 Apertura de las Jornadas en Cortegana. 
Reunión de la red temática FUEGORED. 
16:45 - 19:00 Sesión de Pósters 
19:00 - 20:00 Visita Cultural en Cortegana 
20:00 Traslado en autobús a la Posada de Cortegana 
21:00 Cena en Posada de Cortegana 





Viernes 6 de Noviembre, Cortegana 
8:00 - 9:00 Desayuno 
09:00 - 9:30 Traslado en autobús al Teatro de Cortegana 
Sesión 5: Impacto de los incendios en las propiedades hidrológicas  
9:30 - 9:55 Efecto de los incendios en las propiedades hídricas de Andisoles.  
Concepción Jiménez (España) M Tejedor, J Neris 
9:55 - 10:20 Impacto del fuego controlado en las propiedades hidrológicas de suelos 
desarrollados sobre calizas jurásicas - Estudio experimental de 
Podentes (Portugal) Óscar González-Pelayo (España), V Andreu, JL 
Rubio, CSS Ferreira, AJD Ferreira 
10:20 - 10:45 Hydrological effects of fire on Mediterranean dune soils FA González, E 
Escalante, C Novo, C Rivero, LM Zavala, A Jordán 
10:45 - 11:10 Café  
Sesión 6: Efectos de los incendios en materia orgánica del suelo 
11:10 - 11:35 Uso de pirolisis/GC-MS para la caracterización de la materia orgánica 
de un suelo Mediterráneo bajo Quercus coccifera a diferentes 
temperaturas Julian Campo (España), K Nierop, E Cammeraat, V 
Andreu,  JL Rubio 
11:35 - 12:00 Variación de la actividad enzimática del suelo tras el fuego en función 
de la severidad del incendio, el micrositio y el tipo de estategia de 
regeneración de la vegetación Rosario López-Poma (España), ÁG 
Mayor, S Bautista. 
Sesión 7: Erodibilidad de suelos afectados por incendios 
12:00 - 12:25 Runoff and erosion from micro-plot to catchment-scale in a recently 
burnt forest area in central Portugal JJ Keizer (Portugal) JP Nunes, 
DCS Vieira, MET Varela, SA Prats, LMG Pereira, MC Malvar, PAA 
Maia, RSV Ferreira, IAC Fernandes, S Faria, AS dos Santos 
12:25 - 12:50 Assessing soil erosion after fire in NW Spain: Performance of RUSLE 
and revised Morgan-Morgan-Finney models in contrasting fire severity 
levels and post-fire erosion control treatments C Fernandez, JA Vega, 
DCS; Vieira, SA Prats 
12:50 - 13:45 Mesa Redonda (Futuro de la Red temática, Perspectivas de 
investigación) 
13:45 - 14:00 Clausura de las Jornadas 
14:15 - 16:00 Almuerzo en Hotel Sierra Luz de Cortegana 
16:00 - 17:30 Traslado en autobús a Sevilla 
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Sesión de pósters 
Soil Biology and microbiology 
 Cambios en el patrón microbiano de mineralización de carbono en 
función de la intensidad del fuego. Ensayo de laboratorio G Bárcenas-
Moreno, F Garía-Orenes, J Mataix-Solera, J Mataix-Beneyto E. 
Baath 
 Respuesta de la población microbiana a los agentes retardantes de 
llama. A Barreiro, A Martín, T Carballas, M Díaz Raviña 
 Prescribed burning effects on the seed bank of a Mediterranean 
shrubland in Central Portugal P Maia, I Fernandes, A Vasques, D, 
Viegas, J Pausas, J. Keizer 
 Indicadores microbiológicos de suelos de Andalucía afectados por 
incendios J Rodrígez, A Turmero, MI Pérez-Leblic, JA González-
Pérez, FJ González-Vila, R González-Vázquez, ME Arias 
Geobiochemistry 
 Analytical characterization of soil organic matter changes exerted by 
wildfires in an Andosol from North East Tenerife (Canary Islands) JM 
De la Rosa, FJ González-Vila, H Knicker, A Hilscher, A Rodríguez-
Rodríguez, CD Arbelo, T Verdejo, JA González-Perez 
 Structural transformations of humic matter in terms of fire intensity as 
revealed by changes in the assemblage of pyrolytic products A Piedra 
Buena, G Almendros, FJ González-Vila 
 Aging of black carbon in Mediterranean soils. H Knicker, FJ González-
Vila, L Clemente-Salas, G Almendros 
 Changes in C stable isotopic composition of selected n-alkanes from the 
lipid fraction of a Rendollic Xerochrept affected by forest fire JA 
González-Pérez, R González-Vázquez, JM de la Rosa, T Wagner, P 
Donohoe, ME Arias, J Rodríguez, FJ González-Vila 
 Acumulación superficial de materia orgánica y nutrientes en paisajes 
mediterráneos afectados por incendios: Primeros resultados  J Llovet 
(España), L López-Sangil, P Rovira, MJ Baeza, A Valdecantos, JA 
Alloza, V Ramón Vallejo  
Soil physics and chemistry 
 Los efectos de un incendio forestal sobre la repelencia del suelo al agua 
en el centro de Portugal. S Faria, ME Varela, SA Prats, VI Esteves, JJ 
Keizer 
 Contenidos de agua en el suelo y cambios en las propiedades hidrófobas 
tras impacto de fuegos en áreas de matorral mediterráneo O 
González-Pelayo, V Andreu, J Campo, E Gimeno-García, JL Rubio 
 Influencia del fuego sobre las propiedades físico-químicas de los suelos 
en los Montes de Zuera (Zaragoza) C Martí, J Miranda, D Badia, P 
Ibarra, MT Echeverria, F Pérez, E Usón 
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 Soil water repellency from Mediterranean environments: a brief review 
of studies by Med_Soil Research Group LM Zavala, A Jordán, N 
Bellinfante, J Gil 
Soil erosion and degradation 
 Indicators of soil degradation due to fires under Atlantic climate 
conditions: an integration of in situ samples and satellite imagery S 
Férnandez, R Menéndez-Duarte, MA Alvarez García, C Satín 
 Assessing post-fire nutrient losses on surface runoff – a pilot study in 
central Portugal RSV Ferrreira, JM Capela, MA Pols, MA Cerqueira, 
JJ Keizer 
 Nutrient leaching in heathland ecosystems under the influence of 
burning and nitrogen deposition E Marcos, L Calvo, C Villalón, E Luis-
Calabuig 
 Post-fire runoff and soil erosion at the micro-plot scale under simulated 
and natural rainfall conditions in north-central Portugal CM Malvar, 
SA Prats, JP Nunes, PR Robichaud, JJ Keizer 
 Influencia de la severidad de un incendio en la repelencia al agua de 
suelos forestales bajo Pinus pinaster en Galicia M Rodríguez Alleres, 
ME Varela, E Benito 
Exploration of fire impacts 
 Exploración del ajuste entre indicadores visuales de severidad del fuego 
y cambios en parámetros edáficos seleccionados T Fontúrbel Lliteras, 
JA Vega Hidalgo, C Fernández Filgueira, P Pérez-Gorostiaga 
Rivero, E Jiménez Carmona 
 An alternative method to quantify inorganic carbon from vegetative 
ash MB Bodi, V Arcenegui, A Morugán, J Mataix-Solera, SH Doerr, A 
Cerdà 
Movilidad del suelo y del carbón edáfico en laderas naturales de la 
vertiente norte de la cordillera cantábrica R Menéndez, C Santín, S 
Menéndez, MÁ Álvarez 
 Ash color CaCO3 content as methods of burning severity classification P 
Pereira, X Úbeda, D Martin, Alejandro Miguel 
 Wildfire effects on ash water soluble elements in a Quercus suber and 
Pinus pinaster forest located in Portugal P Pereira, X Úbeda, D 
Martin 
 Uso de la espectroscopia NIR para estimar la intensidad del fuego e un 
suelo quemado A Pérez-Bejarano, C Guerrero, V Arcenegui, J 
Mataix-Solera, J Mataix-Beneyto, D.X. Viegas, M.E. Varela, J.J. 
Keizer 
Soil rehabilitation 
 Papel de la Madera quemada en la recuperación de la fertilidad del 
suelo tras incendios forestales S Marañón-Jiménez, J Catro, AS 
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Kowalski,  R Zamora 
 Effects of a medium-high severity wildland fire in Quercus suber and 
Pinus pinaster mortality. One year after P Pereira, X Úbeda 
 The effectiveness of forest residue mulching in reducing overland flow 
generation and soil losses following wildfire in north-central Portugal 
SA Prats, A Pinheiro, COA Coelho, AJD Ferreira, JJ Keizer 
 Comparing changes after fire with inter-annual variability in the top 
soil of Quercus pyrenaica forests (NW Spain) R Tárrega, S García-
Tejero, A Taboada, JM Salgado, E Marcos 
 Assessment of seed bank composition and viability following wildfire 
























   
 
II International Meeting on Forest 
Fire Effects on Soils 
4-6 de Noviembre, 2009 
Sevilla – Cortegana  
   
 
TABLA DE CONTENIDO 
 
Oral communications  
Session 1: Impact of wildfires on soils  
Fire effect on carbon erosion and stabilisation in tropical soils under slash and burn 
agriculture. Cornelia  Rumpel 
7 
Effects of wildfires on soil organic matter of coastal pine  forests of Tuscany. Giacomo 
Certini 
9 
Impact of extreme 2009 wildfires in Victoria on the soil system. Stefan Doerr (UK), RA 
Shakesby, GJ Sheridan, PNJ Lane, HG Smith, T Bell, J Brooks , WH Blake 
11 
Session 2: Soil erosion after wildfire  
Soil erosion at different scales in two Mediterranean watersheds Navalón, Valencia. Artemi 
Cerdà (Spain), J Mataix-Solera, SH Doerr, MB Bodi 
13 
Modeling soil erosion for burnt eucalyptus slopes in Central Portugal.  Joao P. Nunes 
(Portugal) MC Malvar, DCS Vieira, JJ Keizer 
15 
Estimating sediment exports from recently burnt areas using turbidity sensors: comparison 
of a new, fibre-optic-based sensor versus a classical optical backscatter sensor. Sergio  A. 
Prats (Portugal), L Bilro, RSV Ferreia, RN Nogueira, JJ Keizer 
17 
Analysis of the 1:5 soil:water extract in samples from volcanic soils under broom scrub 
subjected to experimental thermal treatment. Jesus Notario (Spain), E Domíngeuz, S 
Estupiñán, A Rodríguez, C Arbelo 
19 
Session 3: Soil restoration after fire  
New tools for forest fire fighting and forest ecosystems recovery. Tarsy Carballas (Spain), 
MI Paz Andrade, A Alonso-Betanzos, E Carballo, V Caselles, M Díaz-Raviña, A Gago, E 
Jiménez, JL Legido, A Martín, MM Mato, A Varela, A Vázquez Galiñanes 
21 
Session 4: Chemical and biological changes in soils affected by wild fires  
Plant molecular composition changes as a function of burning conditions and how it can be 
traced in soils. Guido Wiesenberg (Germany) 
23 
Soil response, microbial activity and natural regeneration after fire passage in a semiarid 
Aleppo pine forest. Daniel Moya (Spain), J Hedo, M Andrés, C Wic, J, de las Heras, FR López-
Serrano, P Ferrandis, E Rubio, ME Lucas-Borja 
25 
Variability in the effect of ash on post-fire runoff and erosion: The role of ash structure and 
composition. Scott W Woods and Victoria N Balfour (Montana, USA) 
27 
Degradation of pyrogenic organic plant residues in soil. André Hilscher (Germany), C 
Siewert, H Knicker 
29 
Effects of fire severity on the topsoil seed bank composition and viabillity in a Maritime 
Pine stand, Central Portugal. Paula Maia (Portugal), I Fernandes, J Pausas, JJ Keizer 
31 
Sesión 5: Impacto de los incendios en las propiedades hidrológicas   
Efecto de los incendios en las propiedades hídricas de Andisoles.  Concepción Jiménez 
(España) M Tejedor, J Neris 
33 
Impacto del fuego controlado en las propiedades hidrológicas de suelos desarrollados sobre 
calizas jurásicas - Estudio experimental de Podentes (Portugal). O González-Pelayo 
(España), V Andreu, JL Rubio, CSS Ferreira, AJD Ferreira 
34 
Hydrological effects of fire on Mediterranean dune soils. FA González, E Escalante, C Novo, C 36 
2 
 
Rivero, LM Zavala, A Jordán 
Sesión 6: Efectos de los incendios en materia orgánica del suelo  
Uso de pirolisis/GC-MS para la caracterización de la materia orgánica de un suelo 
Mediterráneo bajo Quercus coccifera a diferentes temperaturas. Julian Campo (España), K 
Nierop, E Cammeraat, V Andreu,  JL Rubio 
38 
Variación de la actividad enzimática del suelo tras el fuego en función de la severidad del 
incendio, el micrositio y el tipo de estategia de regeneración de la vegetación. Rosario 
López-Poma (España), ÁG Mayor, S Bautista. 
40 
Sesión 7: Erodibilidad de suelos afectados por incendios  
Runoff and erosion from micro-plot to catchment-scale in a recently burnt forest area in 
central Portugal JJ Keizer (Portugal). JP Nunes, DCS Vieira, MET Varela, SA Prats, LMG 
Pereira, MC Malvar, PAA Maia, RSV Ferreira, IAC Fernandes, S Faria, AS dos Santos 
42 
Assessing soil erosion after fire in NW Spain: Performance of RUSLE and revised Morgan-
Morgan-Finney models in contrasting fire severity levels and post-fire erosion control 
treatments. C Fernandez, JA Vega, DCS; Vieira, SA Prats 
44 
Sesión de pósters  
Soil Biology and microbiology  
Cambios en el patrón microbiano de mineralización de carbono en función de la intensidad 
del fuego. Ensayo de laboratorio. G Bárcenas-Moreno, F Garía-Orenes, J Mataix-Solera, J 
Mataix-Beneyto E. Baath 
49 
Respuesta de la población microbiana a los agentes retardantes de llama. A Barreiro, A 
Martín, T Carballas, M Díaz Raviña 
51 
Prescribed burning effects on the seed bank of a Mediterranean shrubland in Central 
Portugal. P Maia, I Fernandes, A Vasques, D, Viegas, J Pausas, J. Keizer 
52 
Indicadores microbiológicos de suelos de Andalucía afectados por incendios. J Rodrígez, A 




Analytical characterization of soil organic matter changes exerted by wildfires in an 
Andosol from North East Tenerife (Canary Islands). JM De la Rosa, FJ González-Vila, H 
Knicker, A Hilscher, A Rodríguez-Rodríguez, CD Arbelo, T Verdejo, JA González-Perez 
59 
Structural transformations of humic matter in terms of fire intensity as revealed by changes 
in the assemblage of pyrolytic products. A Piedra Buena, G Almendros, FJ González-Vila 
61 
Aging of black carbon in Mediterranean soils. H Knicker, FJ González-Vila, L Clemente-Salas, 
G Almendros 
63 
Changes in C stable isotopic composition of selected n-alkanes from the lipid fraction of a 
Rendollic Xerochrept affected by forest fire. JA González-Pérez, R González-Vázquez, JM de 
la Rosa, T Wagner, P Donohoe, ME Arias, J Rodríguez, FJ González-Vila 
64 
Acumulación superficial de materia orgánica y nutrientes en paisajes mediterráneos 
afectados por incendios: Primeros resultados.  J Llovet (España), L López-Sangil, P Rovira, 
MJ Baeza, A Valdecantos, JA Alloza, V Ramón Vallejo  
68 
Soil physics and chemistry  
Los efectos de un incendio forestal sobre la repelencia del suelo al agua en el centro de 
Portugal. S Faria, ME Varela, SA Prats, VI Esteves, JJ Keizer 
73 
Contenidos de agua en el suelo y cambios en las propiedades hidrófobas tras impacto de 
fuegos en áreas de matorral mediterráneo. O González-Pelayo, V Andreu, J Campo, E 
Gimeno-García, JL Rubio 
75 
Influencia del fuego sobre las propiedades físico-químicas de los suelos en los Montes de 
Zuera (Zaragoza). C Martí, J Miranda, D Badia, P Ibarra, MT Echeverria, F Pérez, E Usón 
77 
Soil water repellency from Mediterranean environments: a brief review of studies by 
Med_Soil Research Group. LM Zavala, A Jordán, N Bellinfante, J Gil 
78 
Soil erosion and degradation  
Indicators of soil degradation due to fires under Atlantic climate conditions: an integration 
of in situ samples and satellite imagery. S Férnandez, R Menéndez-Duarte, MA Alvarez 




Assessing post-fire nutrient losses on surface runoff – a pilot study in central Portugal. RSV 
Ferrreira, JM Capela, MA Pols, MA Cerqueira, JJ Keizer 
85 
Nutrient leaching in heathland ecosystems under the influence of burning and nitrogen 
deposition. E Marcos, L Calvo, C Villalón, E Luis-Calabuig 
87 
Post-fire runoff and soil erosion at the micro-plot scale under simulated and natural rainfall 
conditions in north-central Portugal. CM Malvar, SA Prats, JP Nunes, PR Robichaud, JJ Keizer 
89 
Influencia de la severidad de un incendio en la repelencia al agua de suelos forestales bajo 
Pinus pinaster en Galicia. M Rodríguez Alleres, ME Varela, E Benito 
91 
Nivel de erosión vs. variables bio y geomorfológicas tras el fuego. J.R. Ruiz-Gallardo, A. 
Valdés, S. Castaño 
93 
Exploration of fire impacts  
Exploración del ajuste entre indicadores visuales de severidad del fuego y cambios en 
parámetros edáficos seleccionados. T Fontúrbel Lliteras, JA Vega Hidalgo, C Fernández 
Filgueira, P Pérez-Gorostiaga Rivero, E Jiménez Carmona 
97 
An alternative method to quantify inorganic carbon from vegetative ash. MB Bodi, V 
Arcenegui, A Morugán, J Mataix-Solera, SH Doerr, A Cerdà 
100 
Movilidad del suelo y del carbón edáfico en laderas naturales de la vertiente norte de la 
cordillera cantábrica. R Menéndez, C Santín, S Menéndez, MÁ Álvarez 
102 
Ash color CaCO3 content as methods of burning severity classification. P Pereira, X Úbeda, D 
Martin, Alejandro Miguel 
104 
Wildfire effects on ash water soluble elements in a Quercus suber and Pinus pinaster forest 
located in Portugal. P Pereira, X Úbeda, D Martin 
106 
Uso de la espectroscopia NIR para estimar la intensidad del fuego en un suelo quemado. A 
Pérez-Bejarano, C Guerrero, V Arcenegui, J Mataix-Solera, J Mataix-Beneyto, D.X. Viegas, M.E. 
Varela, J.J. Keizer 
107 
Soil rehabilitation  
Papel de la Madera quemada en la recuperación de la fertilidad del suelo tras incendios 
forestales. S Marañón-Jiménez, J Catro, AS Kowalski,  R Zamora 
111 
Effects of a medium-high severity wildland fire in Quercus suber and Pinus pinaster 
mortality. One year after P Pereira, X Úbeda 
112 
The effectiveness of forest residue mulching in reducing overland flow generation and soil 
losses following wildfire in north-central Portugal. SA Prats, A Pinheiro, COA Coelho, AJD 
Ferreira, JJ Keizer 
114 
Comparing changes after fire with inter-annual variability in the top soil of Quercus 
pyrenaica forests (NW Spain). R Tárrega, S García-Tejero, A Taboada, JM Salgado, E Marcos 
116 
Assessment of seed bank composition and viability following wildfire and post-fire land 
























   
 
II International Meeting on Forest 
Fire Effects on Soils 
4-6 de Noviembre, 2009 
Sevilla – Cortegana  
   
 
Fire effect on carbon erosion and stabilisation in tropical soils 
under slash and burn agriculture 
C. Rumpel * 
Laboratoire de Biogéochimie et Ecologie des Milieux Continentaux (BIOEMCO), Centre INRA Versailles-
Grignon, Bâtiment EGER, 78850 Thiverval-Grignon, France. 
 
Black carbon (BC) produced during slash and burn agriculture on tropical soils may 
enhance the soils organic matter content and hence their biological properties. However, 
once deposited on the soil surface, BC may be subject to erosion and/or microbial 
decomposition and thus not be preserved on site. Up to now, few studies have been 
carried out to assess the contribution of BC to organic matter eroded from the site and 
the soils stable carbon pool on sites under slash and burn agriculture. The aim of the 
study was to assess the survival potential of BC in sloping tropical soils of clayey 
texture. The study was carried out in Northern Laos, where the soils are subjected to 
addition of black carbon produced by burning of agricultural crop residues. Our 
conceptual approach included the characterisation of (a) morphologically distinct BC 
forms and (b) chemical soil fractions and (c) SOM recovered in sediments eroded from 
the soil. The samples were analysed for elemental content, chemical composition by 
13C CPMAS NMR spectroscopy, carbon resistant to acid hydrolysis with HCl, carbon 
resistant to oxidation with acid dichromate solution and 14C activity. 
Our results indicated that BC produced by slash and burn agriculture was highly 
aromatic in nature. Its elemental composition as well as its susceptibility to be lost by 
chemical oxidation was dependent on its morphology. Acid hydrolysis did not lead to 
carbon loss from any BC form. We thus hypothesised that BC should be present in the 
hydrolysis resistant fraction isolated from soil. The charactersation of the chemical 
composition by 13C CPMAS NMR spectroscopy showed that the hydrolysis residue 
was composed of highly aromatic carbon. Considering the low lignin content of these 
soils and the good recovery of bulk soil aromatic carbon signal (80-100 %) in the 
hydrolysis residue, we consider that this fraction may be suitable to assess BC 
contribution to clayey soils. We suggest that BC isolated as hydrolysis resistant C may 
represent up to 25 % of the soils C as compared to 8% as isolated by acid dichromate 
oxidation. The 14C age of this fraction was older than that of the untreated soil and 
increased to more than 1000 years in B horizons.  
Characterisation of eroded soil organic matter from the sites showed, that when 
deposited on the soil surface, BC is highly susceptible to be lost from the site by 




horizontal transport. Our observations further suggest that BC may be preserved for 
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Effects of wildfires on soil organic matter of coastal pine forests of 
Tuscany 
G. Certini * 
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Cascine, 28 – 50144 Firenze, Italy. 
 
Pine forests bordering the Mediterranean Sea are fire-adapted ecosystems that are 
almost in symbiosis with wildfires. Fire, in fact, depresses competitors of pines and 
promotes their renovation opening late cones. In Tuscany, Central Italy, a fence of pines 
(Pinus pinaster and Pinus pinea) was historically created along the cost with multiple 
aims, chiefly for limiting erosion and protecting the inland cultivations from the 
deleterious impact of saline aerosols. Such forests are now experiencing too frequent 
wildfires that, together with epidemics and pollution, make their survival hard. 
Wildfires have major quantitative and qualitative impacts on soil organic matter (SOM), 
which in Mediterranean pine forests is mainly confined close to the surface. Total or 
partial removal of SOM can render the soil prone to erosion and inhospitable to plant 
growth. 
The current state of coastal pine forests in Tuscany and the significant effects wildfires 
cause on the organic pool of their soils are discussed. Some of these effects were 
recorded in situ by comparing and contrasting burned and unburned adjacent areas at 
two sites where a moderate intensity wildfire had occurred one year or two weeks 
before. 
At both sites, the fire-induced loss in C by was significant, mostly involving the litter 
layer, while the mineral soil was not significantly enriched in C by the input of 
incompletely burned residues. Numerous were the qualitative changes the SOM 
experienced, the most important of which are the increase of the aromatic component 
and a significant change in the distribution of phenols in lignin. Such latter change 
curiously looks like the one occurring during biological degradation on longer 
timescales. Most fire-induced structural modifications resulted to be related to the size 
of charcoal particles, and the general trend is that fine fractions are less charred and 
more labile to chemical oxidation than the coarse ones. 
Ongoing experiments are confirming that in Mediterranean pine forests fire is a strong 
driving factor for soil biology, showing that it favours r-strategists bacteria, which have 
high nutritional requirements, preferentially consume labile organic compounds, and 
exhibit high growth rates when resources are abundant, compared to K-strategists 




bacteria, which have slower growth and dominate over the r-strategists ones in 
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Impact of the extreme 2009 wildfires in Victoria on the soil 
system 
S.H. Doerr a*, R.A. Shakesby a, G.J. Sheridan b, P.N.J. Lane b, H.G. Smith a, T. Bell b, J. Brooks b, 
W.H. Blake c 
a. Department of Geography, School of the Environment and Society, Swansea University, UK. 
b. Department of Forest and Ecosystem Science, University of Melbourne, Parkville, Victoria, Australia. 
c. School of Geography, University of Plymouth, Plymouth, UK. 
 
The recent catastrophic wildfires near Melbourne, which peaked on Feb. 7 2009, burned 
ca 450,000 ha and caused the tragic loss of 173 lives. They occurred during 
unprecedented extreme fire weather when dry northerly winds gusting up to 100 km/h 
coincided with the highest temperatures ever recorded in this region. These conditions, 
combined with the very high biomass of mature eucalypt forests, very low fuel moisture 
conditions and steep slopes, generated extreme burning conditions. 
A rapid response project was launched under the NERC Urgency Scheme aimed at 
determining the effects of this extreme event on soil properties. Three replicate sites 
were sampled for extremely high burn severity, high burn severity and unburnt control 
terrain, within mature mixed-species eucalypt forests near Marysville in April 2009. 
Ash and surface soil (0-2.5 cm and 2.5-5 cm) were collected at 20 sample grid points at 
each site. Here we report on preliminary outcomes from (i) soil water repellency 
determination using the Water Drop Penetration Time (WDPT) test, and seedbank 
germination experiments, allowing estimates of maximum soil temperatures reached, 
and (ii) ash and soil carbon soil content analysis, which provide valuable data in terms 
of the net carbon emissions from this event.     
Field assessment of the soil, suggested that the heat input to the soil during this extreme 
wildfire was less than might be supposed given the extreme burn severity (indicated by 
the complete elimination of the ground vegetation). This was confirmed by the 
laboratory results. No major difference in WDPT between burned control samples was 
detected, indicating that soil temperatures in the top 0-2.5 cm did not exceed ca 200 ºC. 
Seedling germination in burned soil was reduced, but only by two-thirds compared to 
the control samples, which also suggests only a modest heat input to the soil. 
Nevertheless, burning appears to have reduced organic carbon in the top 5 cm of soil 
from ca 12% to 6%, equating to a loss of 3000 g m-2. In comparison, the amount of 
carbon deposited on the ground within the several cm thick ash layers was ca 100 g m-2, 
indicating a substantial initial net loss of carbon from the soil system. This loss may 
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eventually be offset to some degree by the greater resistance to decomposition of some 
of the carbon deposited in ash.   
The limited heat input into the soil stands in stark contrast to the extreme burn severity 
(based on vegetation destruction parameters). We speculate that limited soil heating 
resulted perhaps from the unusually fast-moving fire front and a resultant short fire 
residence time during this event. After project completion, the soil samples collected are 
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Erosión del suelo a diferentes escalas en dos cuencas de drenajes 
(Navalón, Valencia) 
A. Cerdà a*, J. Mataix-Solera b, S.H. Doerr c, M.B. Bodí a, b, c 
a. Department of Geography. University of València. Blasco Ibáñez, 28, 46010-Valencia 
b. GEA (Grupo de Edafología Ambiental),  Departamento de Agroquímica y Medio Ambiente, 
Universidad Miguel Hernández, Avenida de la Universidad s/n, 03202-Elche.  
c. School of the Environment and Society, Swansea University, Singleton Park, Swansea SA2 8P, UK. 
 
Tras un incendio forestal, los procesos hidrológicos y erosivos se aceleran por la falta de 
vegetación, el encostramiento del suelo, el taponamiento de los poros por los 
sedimentos -que son en una proporción elevada cenizas- y por la aparición de respuestas 
hidrofóbicas. Ver las recientes revisiones sobre los evectos de los incendios forestales 
sobre los suelos (Mataix-Solera, 2007; Cerdà & Robichaud, 2009; Cerdà & Mataix-
Solera, 2009). Pero los cuatro procesos anteriormente descritos son altamente variables 
en el tiempo después del fuego y condicionaran la exportación de sedimentos. La 
erosión es un proceso dependiente de la escala. Estudiar tras un incendio los procesos 
erosivos a distintas escalas permitirá entender mejor los mecanismos y los procesos 
erosivos, además de facilitar la toma de decisiones para el control de la erosión 
postincendio. 
Se seleccionaron dos cuencas de drenaje afectadas por un incendio en la Sierra de 
Enguera, Macizo del Caroig, en el interior de Valencia. El roquedo son calizas del 
Cretácico y el clima caracterizado por una precipitación de 500 mm anuales y 
temperaturas medias de 14ºC. La cubierta mixta de Pinus halepensis y matorral 
(Rosmarinus officinalis, Juniperus oxicedrus y Quercus coccifera) es fruto de la 
alteración de la vegetación original de encina (Quercus ilex). Las dos cuencas presentan 
abancalamientos en el fondo de valle, si bien en las laderas solo una de ella presenta 
terrazas de cultivo. El incendio se produjo el 12 de abril de 2008 y quemó 90 ha. A 
partir de mayo se instalaron distintos sistemas de medición. Doce microparcelas de 0.30 
m2 y diez colectores de sedimentos (silt-fences) que cubren una superficies de 1,8 m 
(anchura) hasta la parte alta de la ladera. También se han medido las pérdidas de suelo a 
escala de ladera y cuenca de drenaje mediante el cubicado de los sedimentos 
depositados en las terrazas de cultivo. 
Los resultados demuestran que la pérdida de suelo en las microparcelas fue 
extraordinariamente elevada durante el año siguiente al incendio (21,45 Mg ha-1 año-1), 
y también en las mediciones con las trampas de sedimentos (17,6 Mg ha-1 año-1). Las 
mediciones a escala de ladera sólo se realizaron en la cuenca 1, la que disponía de 
terrazas de cultivos en la ladera, y en ella se cuantificaron 4,5 Mg ha-1 año-1, mientras 
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en la parte baja de la cuenca (terrazas de fondo de valle) se depositaron 1,67 Mg ha-1 
año-1. En la cuenca de drenaje 2 (sin terrazas de cultivo en las laderas) la tasa de 
erosión que se alcanzó fue de 10,22 Mg ha-1 año-1.  
Los eventos de lluvia con más de 10 mm día-1 fueron 17, de ellos, los eventos erosivos 
fueron seis, pero de ellos sólo dos contribuyeron con movilización de sedimentos hasta 
la parte baja de la cuenca. Hay por lo tanto una pérdida de carga sedimentaria desde la 
escala de pedon hasta la de cuenca. Las laderas, tras el incendio, transfieren de forma 
muy eficiente los materiales a la parte baja de la cuenca de drenaje. Sólo si hay terrazas 
de cultivos se produce la retención de sedimentos 
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Modelling soil erosion for burnt eucalyptus slopes in central 
Portugal 
J.P. Nunes*, M.C. Malvar, D.C.S. Vieira, J.J. Keizer 
CESAM, Dept. Environment and Planning, University of Aveiro, 3810-193 Aveiro, Portugal 
 
Wildfires can cause significant changes to hydrological and soil erosion processes, 
through the destruction of vegetation cover and changes to soil properties (Shakesby & 
Doerr, 2006) Modelling soil erosion in burnt areas is still a challenge, since most 
erosion models are built for agricultural fields and usually present a poor performance 
when applied to burnt areas(Larsen & MacDonald, 2007). An important fact behind the 
poor performance is that important processes, such as the onset and destruction of soil 
water repellence or the transport of litter and ash, are not well represented in most 
models (Shakesby and Doerr, 2006). 
Project EROSFIRE aims to develop a soil erosion model to be applied in burnt 
hillslopes. For this purpose, data was collected on two burnt hillslopes in central 
Portugal. Both slopes were covered with eucalypt; one was not managed before the fire, 
while the other was ploughed downslope. Measurements were made during 2005 and 
2006, and included weekly runoff and sediment collection and bi-weekly transects 
detailing vegetation cover, ash cover and soil water repellence on different points along 
the hillslope. The Morgan-Morgan-Finney erosion model (Morgan, 2001) was applied 
to these slopes without modifications. Two model modifications were also developed: 
one simulates soil water repellence based on rainfall and potential evapotranspiration, 
and the other simulates the erosion of the ash layer based on simulated erosion rates. 
Both components modify runoff generation by changing the soil and surface water 
holding capacity. The model was also applied to the hillslopes with these modifications 
to assess changes to model performance. 
Model performance for the unmodified MMF model was acceptable for the unmanaged 
slope but poor for the ploughed slope. In the unmanaged slope, adding the soil water 
repellence component led to a large increase in model performance, while adding the 
ash layer component had little effect. In the ploughed slope, separately adding the soil 
water repellence and ash layer components led to an acceptable performance for runoff 
but not for erosion; an acceptable simulation of erosion was only achieved when both 
components were added simultaneously to the model. 
Overall, the main conclusion of this work is that a simple runoff and erosion model can 
be adapted for burnt areas by adding modifications to take into account the impacts of 
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soil water repellence and the ash layer on runoff generation. Despite the simple 
equations used to simulate these processes, their addition still led to significant 
improvements in model performance. 
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Estimating sediment exports from recently burnt areas using 
turbidity sensors: comparison of a new, fibre-optic-based sensor 
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During the last decades, optic sensors have become widely used for monitoring the 
sediment transport dynamics of sweet- and salt-water bodies. The conversion of the 
nephelometric readings of optic sensors into sediment concentrations, however, is often 
far from straightforward and may require extensive calibration for the specific 
monitoring site conditions. Namely, these readings are affected by various factors, the 
most important being, besides sediment concentration itself, the particles’ shape, size 
and absorbance characteristics.  
In the framework of the EROSFIRE-II project, funded by the Portuguese Foundation for 
Science and Technology (PTDC/AGR-CFL/70968/2006), an existing optic sensor – i.e. 
an Optic Backscatter Sensor (OBS-3+; Downing, 2006) - was installed in the field to 
estimate the sediment losses from a recently burnt catchment in central Portugal. It is 
well-established that wildfires can produce strong and sometimes extreme hydrological 
and soil erosion responses, especially during the early stages of the so-called “window-
of-disturbance” (Shakesby & Doerr 2006). Since fire-enhanced sediment losses often 
involve elevated ash loads, the calibration of the OBS-3+ was given special attention. 
To this end, the hydrometric station was also equipped with an automatic sampler 
(ISCO 3700), and a second OBS-3+ was set up in the laboratory for calibration 
purposes. 
An important factor constraining the widespread utilization of existing turbidity sensors 
like OBS-3+, e.g. linked to erosion plots, is their somewhat elevated costs. The IT, I3N 
and CESAM institutes of the University of Aveiro therefore set out to develop and test a 
low-cost sensor based on fibre optics. This so-called “Plastic Optic Sensor for 
Turbidity” (POST; Prats et al., 2009) consists of a LED connected to an emitter optic 
fibre and two receiver fibres placed at angles of 90º (scattered light) and 180º (direct 
light) that connected to two photodetectors.  
The behaviour of the OBS-3+ and POST sensors was tested in the laboratory. As a first 
step, this was done for three types of suspended particles (white flour, red clay and 
black ashes from burnt soils), sediment concentrations ranging from 0,025 to 50 g l-1, 
18 
 
and six particle size classes of the burnt soil. The results obtained for the OBS-3+ 
revealed a high dependence on light absorbance by the suspended particles, giving rise 
to a so-called “C-region” where the relationship between sensor readings and sediment 
concentrations is relatively poor. 
Subsequent testing involved runoff samples collected from erosion plots installed in the 
same study area. The sediment concentrations of these 29 samples ranged from 0.1 to 
1.1 g l-1, as determined using the classical evaporation method. The readings of the 
POST sensor were very strongly correlated with those of the OBS-3+, with the Pearson 
correlation coefficient amounting to 0.94. Also, the POST readings showed a somewhat 
stronger linear relationship with the measured sediment concentrations than the OBS-
readings ((Pearson’s r = 0.60 and 0.43, respectively).  
The POST sensor will now be further tested. A proto-type was developed for use in the 
laboratory, with the ultimate goal to substitute the very time- and energy-consuming 
standard method. In addition, the same proto-type will be tested in the field, in 
particular for manual measurement of the runoff from the erosion plots. 
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Análisis del extracto 1:5 en muestras de suelos volcánicos bajo 
matorral de cumbre sometidas a tratamiento térmico 
experimental 
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El tratamiento térmico de muestras de suelo en condiciones controladas de laboratorio 
es una alternativa a la recogida de muestras quemadas en el campo para el estudio de los 
efectos del calor sobre las propiedades del suelo, y existen varios antecedentes de ello 
en la bibliografía especializada (Giovannini et al., 1990; Prieto et al., 2004). 
En este trabajo se han realizado experimentos de tratamiento térmico de muestras de 
suelos volcánicos (Lithic xerortents, Tenerife, Islas Canarias) bajo matorral de retama 
del Teide en horno, modificando la temperatura (25, 200, 300, 400 y 500ºC), el tiempo 
de calentamiento (60, 240 min) y la carga de materia vegetal seca añadida (0, 10, 40 g), 
con cuatro réplicas por cada tratamiento. En las muestras resultantes se estudió la 
composición del extracto1:5 suelo: agua (pH, C.E.; Ca+2, Mg+2, K+, NH4+-N, P, S3). 
Las variables estudiadas se midieron mediante electrodos (pH, C.E.), espectrofotometría 
(NH4+-N, P y S) o absorción atómica/emisión a la llama (Ca+2, Mg+2, K+). 
Todas las variables mostraron diferencias significativas causadas por la variación de la 
temperatura, a excepción del P hidrosoluble, lo que coincide con estudios en un 
incendio real en el mismo contexto (Notario et al., 2008). El tiempo de tratamiento, sin 
embargo, sólo resultó decisivo para modificar los valores de C.E., NH4+-N y S. 
Finalmente, la carga de combustible provocó diferencias significativas entre alta y baja 
carga de combustible para los valores de pH, P hidrosoluble y S. 
El análisis multivariante de los datos (PCA) resume la varianza en dos ejes (60% de la 
varianza total). El primero podría estar relacionado con la intensidad del tratamiento, 
mientras que el segundo sólo muestra una relación positiva muy evidente con la 
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New tools for forest fire fighting and forest ecosystems recovery 
T. Carballas a*, M.I. Paz Andrade b, A. Alonso-Betanzos c, E. Carballo d, V. Caselles e, M. Díaz-
Raviña a, A. Gago b, E. Jiménez c, J.L. Legido d, A. Martín a, M.M. Mato b, A. Varela b, A. 
Vázquez Galiñanes b  
a. Instituto de Investigaciones Agrobiológicas de Galicia (CSIC), Santiago de Compostela. 
b. Universidad de Santiago de Compostela. 
c. Universidad de A Coruña. 
d. Universidad de Vigo. 
e. Universidad de Valencia; España 
 
The N.W. of Spain together with the North of Portugal are the European zones most 
affected by forest wildfires and they are within the worldwide areas with the most 
number of fires per ha and inhabitant (Carballas, 2007). In these and other countries 
wildfires are the main factor of forest ecosystems degradation mainly due to post-fire 
erosion and consequently they produce enormous ecological, social and financial 
damages. Therefore measures for fire prevention, fire fighting, post-fire soil protection 
and ecosystem recovery have to be taken. Modelling and knowledge-based systems are 
important tools for forest fire fighting which were successfully explored by our group 
(THOR GROUP) with this aim.  
We have first developed an Expert System, which comprises three computer tools: a) a 
Forest Fire Risk Index for fire prevention, that predict four days in advance (or more if 
reliable forecasts are available) the areas with risk of fire (four levels: low, medium, 
high and extreme risk) with 89% of fire estimation and less than 15% of overestimation; 
b) a System for the Management of the Resources for Fire Extinction, which gives the 
difficulty of fire control based on an algorithm that predicts fire propagation (rate and 
direction), establishes the fire level and produces a specific Plan for fire extinction; and 
c) a System for the Management of the Burnt Soils, which after analysing the fire 
damages on soil and plants, gives a plan for the immediate protection of the burnt soil 
and for the ecosystem recovery (Betanzos et al., 2003). Then, we has built: d) a 
Mathematical Model for the Prediction of the Forest Fires Peaks, which predicts three 
months in advance, with an error of no more than 3 days, the temporal period and the 
initiation date of the winter and the summer peaks, that usually are registered in Galicia 
(N.W. of Spain) and other regions, which is very important for the temporal contract of 
very expensive aerial resources; e) a Forest Fire Risk Index for Asturias (N of Spain); f) 
a Forest Fire Risk Index for Cantabria (N of Spain); and g) a Forest fire Risk Index 
based on satellite images (Sánchez et al., 2008).  
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The algorithms for the different systems were elaborated by using the historic forest fire 
and meteorological databases for more than 30 years, taking also into account structural 
characteristics. The models, as well as the corresponding GIS, initially made for the 
Galicia Community, were or can be adapted to other regions or countries having forest 
fire data registered for at least 10 years. 
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Plant molecular composition changes as a function of burning 
conditions and can be traced in soils 
G.L.B. Wiesenberg * 
Department of Agroecosystem Research, University of Bayreuth, 95440 Bayreuth, Germany 
 
Plant-derived biomass entering soil commonly leads to a typical chemical composition 
of soil organic matter (SOM), whereas alteration of biomass during microbial 
degradation results in different chemical changes of plant-derived SOM. On a molecular 
level plant-derived SOM is characterized by a predominance of long-chain alkanes, 
fatty acids and alcohols within the lipid fraction with a strong relative predominance of 
odd or even carbon-numbered homologues depending on the lipid fraction. E.g. plant-
derived alkanes as typical degradation products of functionalized lipids are dominated 
by odd long-chain alkanes. Contrastingly, a progressive increase in short-chain even-
numbered alkanes was found in charred biomass with increasing temperature associated 
by a decrease in chain-length and a decrease in the predominance of odd n-alkanes 
(Wiesenberg et al., 2009). Thermal degradation of plant biomass during a fire results in 
a modification of lipid distribution patterns that differs from microbial degradation. Not 
only the composition, but the total amount of lipidic components changes as well. Thus, 
during charring at low temperatures (<350°C) a relative increase in aliphatic and 
aromatic hydrocarbons occurs whereas the total amount of extractable lipids is reduced, 
which is in accordance to NMR spectra (Baldock and Smernik, 2002). At higher 
temperatures a decrease in abundance of the all lipidic fractions occurs including even 
aromatic hydrocarbons with a stronger depletion in aliphatic than in aromatic 
components. This is in agreement with NMR (Baldock and Smernik, 2002) and Black 
Carbon investigations using benzene polycarboxylic acids (BPCA) (Schneider et al., 
2008), where a higher aromaticity was correlated to higher charring temperatures. All 
these observations indicate that incomplete burning results in large amounts of complex 
organic remains in soil, where with increasing temperature burning gets more complete 
leaving less burning residues. 
Recent investigations indicate a structural re-arrangement of lipidic components in 
burned plant biomass not only as a function of temperature, duration of thermal 
degradation, and oxygen availability, but also as a function of the initial plant biomass 
composition. Molecular marker might be useful to trace not only fire in recent and 
ancient soils, but also the burning conditions and the initial biomass. In this study it will 
be demonstrated how total lipid contents are modified during thermal degradation and 
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Soil response, microbial activity and natural regeneration after 
fire passage in a semiarid Aleppo pine forest 
D. Moya a*, J. Hedo a, M. Andrés a, C. Wic a, J. de las Heras a, F.R. López-Serrano a, P. 
Ferrandis a, E. Rubio b, M.E. Lucas-Borja a 
a. Escuela Técnica Superior de Ingenieros Agrónomos de Albacete. Universidad de Castilla-La Mancha, 
Campus Universitario s/n, 02071, Albacete. 
b. Instituto de Desarrollo Regional (IDR). Universidad de Castilla-La Mancha, Campus Universitario s/n, 
02071, Albacete. 
 
Los cambios que los incendios forestales provocan en el ecosistema pueden variar según 
la intensidad y severidad del fuego, estructura de la vegetación, climatología y forma 
del terreno (Neary et al. 2005). Todo ello debe ser tenido en cuenta en el manejo 
silvícola, incluyendo un plan de seguimiento y restauración posterior al incendio. 
Existen varios estudios sobre como el incendio afecta al suelo aunque todavía existe un 
vacío sobre los efectos producidos justo después del paso del fuego y de la influencia de 
la estructura de la masa existente.  
A principios de Junio de 2009 se produjo un incendio que quemó 16 Ha en un bosque 
de pino carrasco (Pinus halepensis Mill.) cerca de la población de Hellín (provincia de 
Albacete), enclavada dentro de clima Mediterráneo de ombroclima semiárido. Una 
semana después del incendio se dispusieron parcelas tanto en la zona no incendiada 
(parcelas control) como en zonas de paso del incendio. Se realizaron caracterizaciones 
florísticas y de su abundancia, así como de intensidad de incendio por color de ceniza y 
diámetro mínimo de ramas incendiadas, siguiendo a Henig-Server et al. (2001). 
Diferenciando si la zona estaba bajo la influencia directa del arbolado o no, se tomaron 
dos muestras de suelo según la existencia de cubierta arbórea (bajo pino o no pino) por 
parcela. También se tomaron muestras con cilindros metálicos para obtener la densidad 
aparente. Adicionalmente se realizaron estimaciones de respiración de suelo utilizando 
un sistema portátil LI-COR 6400 con cámara para medición de flujo de CO2 en suelo.  
La intensidad del incendio estimada fue media-baja, resultado que fue corroborado por 
los análisis físico-químicos y la actividad enzimática y por comparación con otros 
estudios (Mataix-Solera et al. 2002; Úbeda 2001). La respuesta de la vegetación fue 
inmediata, encontrándose que una semana después ya existían rebrotes de varias 
especies y cinco semanas se había producido una recuperación de casi la mitad de las 
especies vegetales (aunque en muy baja cobertura). El paso del incendio produjo una 
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variación de la textura del suelo y de las propiedades físico-químicas, reduciendo la 
actividad enzimática de manera similar a otros estudios (Palese et al. 2004). También se 
encontraron diferencias bajo cubierta arbórea, siendo mayor la actividad enzimática y la 
respiración de suelo, especialmente en la zona incendiada. 
Con todo ello se comprueba que la intensidad del incendio puede variar según la 
densidad y la estructura de la vegetación, creándose un mosaico de distintas 
características con diversas respuestas a otros factores (erosión, agregación, etc.). Así, 
para planificar la restauración del ecosistema se debe realizar un correcto seguimiento 
de la zona incendiada, incluyendo mediciones y caracterizaciones tras pocos días de la 
perturbación, teniendo en cuenta la variabilidad estructural. 
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Variability in the effect of ash on post-fire runoff and erosion: the 
role of ash structure and composition 
S. Woods*, V.N. Balfour 
The University of Montana, Dept. of Ecosystem and Conservation Sciences, Missoula MT 59812, USA. 
 
Burned catchments are often blanketed by a layer of ash. The effects of the ash layer on 
post-fire runoff and erosion have been found to vary. In some cases the clogging of 
surface pores reduces infiltration, resulting in an increased probability of overland flow 
and surface erosion (Onda et al., 2008). In other situations the ash layer reduces runoff 
by storing rainfall, thus reducing surface erosion by overland flow (Cerda and Doerr, 
2008; Woods and Balfour, 2008). In previous work we and others have shown that the 
hydrogeomorphic effect of ash in the post-fire environment depends upon both the 
underlying soil texture and the ash thickness. However we suspect that variability in the 
ash structure and composition associated with factors such as the fuel type, fire severity 
and the effects of post-fire rainfall may contribute to the observed variability in ash 
effects. We analyzed the micromorphology, C and N content, mineralogy and hydraulic 
conductivity in ash samples produced in the lab at temperatures of 300, 500, 700 and 
900OC from Lodgepole pine (Pinus contorta), Ponderosa pine (Pinus Ponderosa) and 
Douglas fir (Pseudotsuga menziesii), and in ash collected from two severe wildfires in 
the western USA. We conducted these analyses both before and after wetting of the ash 
to simulate the effects of rainfall. All of the 300OC samples contained recognizable 
plant fragments, whereas higher temperature samples became increasingly amorphous. 
C and N content decreased with increasing temperature and the 900 OC samples 
contained no C or N. The mineralogy of the 500 and 700OC samples was dominated by 
calcite, whereas the 900OC samples also contained lime (CaO). When the 900 OC 
samples were hydrated the lime was transformed to calcite and there was visible re-
crystallization of the ash. The 300OC ash had the highest hydraulic conductivity (~10-3 
ms-1), reflecting the dominance of large char particles in the ash matrix. The hydraulic 
conductivity of 900OC ash was an order of magnitude higher than that of 500 and 700OC 
ash, possibly due to the re-crystallization associated with the hydration of lime and a 
resultant coarsening of the ash texture. These same trends and patterns occurred in all 
three fuel types. We conclude that differences in the structure and mineralogy of ash 
associated with both the initial combustion temperature and the subsequent effects of 
hydration result in considerable variability in the ash hydraulic properties, and this 
contributes to the observed variability in the effect of ash on infiltration, runoff and 
erosion after wildfires. 
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Degradation of pyrogenic organic plant residues in soil 
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Incomplete combustion of vegetation results in pyrogenic organic materials (PyOM) 
which occurs ubiquitously in soils and sediments. To be able to estimate the resilience 
of such pyrogenic materials in soils, knowledge is required concerning their degradation 
rates and the respective humification mechanisms. In this study the PyOM was 
produced from rye grass (Lolium perenne) and pine wood (Pinus sylvestris) at 350°C 
under oxic conditions for one (1M) and four minutes (4M) to obtain residues with a 
different charring degree. The chars were mixed with a soil matrix of a B horizon of a 
Cambisol and incubated for 48 d at 30 °C under aerobic conditions. Further a long-term 
incubation experiment was performed using highly enriched 13C rye grass-derived 
PyOM which was incubated for up to 20 months. The chemical composition of the 
PyOM was checked by applying of solid-state 13C NMR spectroscopy (Bruker DSX 
200). 
The grass-derived PyOM showed the highest C mineralisation. During the 48 days of 
the incubation up to 3.2% of the OC was converted into CO2. More severe thermal 
alteration resulted in a decrease of the total C volatilization from approximately 22% to 
2.5% of OC. Only 0.66% and 0.46% of the initial C in the pine-derived PyOM were 
mineralised. The 13C NMR spectroscopic analysis of the chars indicates a modification 
of the chemical composition of the PyOM during the incubation. The grass PyOM lost 
alkyl C of up to 5.6% of its C. Concomitantly carboxyl/carbonyl C contents increased 
supporting that oxidation occurred, but only the strong thermally altered pine PyOM 
showed a total reduction of the aromaticity of 3.5%. Since the total C loss during the 
experiment comprised only 0.46%, this indicates that some of the aryl C must have been 
converted into other C groups. As revealed by the increase of carboxyl/carbonyl C by 
5.7% of the bulk char C, this conversion must include the opening and partial oxidation 
of aromatic ring structures. After 20 month of incubation the carboxyl/carbonyl C 
content was clearly increased with a contribution of up to 15% of total grass-derived 
PyOM C, which may offer new absorption sites for plant nutrients. 




Our study demonstrates that pyrogenic materials, as it is produced by grassland fires or 
accumulated after incomplete combustion of litter during forest fires, can be 
microbiologically attacked and mineralised at rates that are comparable to soil organic 
matter (SOM). Thus, such pyrogenic sources may not be as recalcitrant as commonly 
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Effects of fire severity on the topsoil seed bank composition and 
viability in a Maritime Pine stand, central Portugal 
P. Maia a*, I. Fernandes a, J. Pausas b, J.J. Keizer a 
a. CESAM – Centre for Environmental and Marine Studies, Aveiro, Portugal. 
b. CIDE – Centro de Investigación sobre Desertificación, Valencia, Spain. 
 
Fire can have important effects on the vegetation’s standing biomass as well as its seed 
bank, depending, amongst others, on the severity of the fire (eg. Clemente et al. 2007; 
Pausas et al., 2004)). This study aims to evaluate the impact of wildfire severity on the 
seed bank of a Maritime Pine stand (Pinus pinaster Ait.) in central Portugal that burnt 
during the summer of 2008. It is part of the PhD study of the first author, funded by 
Portuguese Foundation for Science and Technology (FCT; SFRH/BD/42168/2007) and 
with logistic support of the EROSFIRE-II project (FCT-funded; PTDC/AGR-
CFL/70968/2006). 
A visual inspection of the burnt slope, from the catchment’s opposite side, allowed to 
identify and delineate three zones with neighbouring patches of contrasting levels of fire 
severity. The presence of burnt crowns was taken to indicate a low severity level; their 
total consumption a intermediate severity level. In each of these six patches, three 
experimental plots were established along a transect from the middle to the upper part of 
the slope. The exact location of these plots was determined taking into consideration a 
quick visual appreciation of tree canopy damage, consumption of shrubs, and ash and 
litter cover. Following the lay-out of the plots, measurements were carried out to 
quantify fire severity in terms of maximum flame height and burning of pine canopies 
and twigs of randomly selected shrub specimen. Three additional control plots were laid 
out in an adjacent, unburned part of the same slope.  
The seed bank of the burnt and unburned plots was sampled by means of 4 samples per 
plot. Each sample was collected with a cylinder core of 6 cm diameter and, in the 
laboratory, divided into three subsamples: i) ash or litter layer (for burnt or unburned 
plots, respectively; ii) 0-3 cm soil depth; iii) 3-6 cm soil depth. Half of each subsample 
was kept for visual inspection and the other half was sieved with a 2mm mesh and then 
put to germinate in a green house under natural photoperiod and ambient temperature 
conditions. The samples are being watered with distilled water as needed, and regularly 
inspected for seedling emergence. Unknown species are transplanted to a soil medium 
to allow their further growth and subsequent taxonomic identification. 




Total seedling emergence was related with the average diameter of remaining shrub 
twigs (ranging from 1 to 10 mm), which was expected to be more closely related with 
fire-induced soil heating than the other fires severity indicators. In the case of the 
samples of the ash/litter layer, total germination was higher for the low-severity plots 
than for the intermediate-severity and unburned plots. In the case of the upper soil layer, 
however, it was highest for the intermediate-severity plots.  
The most abundant taxon amongst the germinating plants of the soil samples is Erica 
sp.. Its maximum germination was found for the 0-3 cm soil depth at intermediate fire 
severity, amounting to 4600 seeds/m2. In the ash samples, the most abundant taxon is 
Calluna vulgaris, with a maximum germination at low fire severity of 3184 seeds/m2.. 
Average seed density recorded so far is, through seedling emergence, is 1451 (+/-1522) 
seeds/m2. 
The germination experiment is still ongoing. The final results are to be correlated with 
estimates of the maximum temperature reached in the soils, through the newly 
developed NIR technology (Guerrero et al., 2007). This will be done in collaboration 
with the GEA – Grupo de Edafología Ambiental of the University Miguel Hernández of 
Elche, Spain financed by the Spanish and Portuguese governments through an 
integrated action (Ref: HP2008-0004). 
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Efecto de los incendios en las propiedades hídricas de Andisoles 
C. Jiménez, M. Tejedor, J. Neris* 
Dpto. Edafología y Geología, Facultad de Biología, Avda. Astrofísico Francisco Sánchez s/n, 
Universidad de La Laguna, 38206 La Laguna, Tenerife, España. 
 
El 31 de julio de 2007 se produjo un incendio en la isla de Tenerife (Islas Canarias, 
España), que adquirió dimensiones considerables, afectando a diferentes municipios 
principalmente de la vertiente norte de la isla, con Andisoles como suelos 
característicos.  
El objetivo de este trabajo es estudiar las modificaciones producidas por el incendio en 
distintas propiedades de Andisoles. Las zonas de estudio se seleccionaron intentando 
conseguir la máxima representatividad en cuanto a la cubierta vegetal (pinar, fayal-
brezal y mezcla de pinar con fayal-brezal), y buscando que coexistieran áreas quemadas 
(con diferente severidad) y no quemadas. Además se han tenido en cuenta pendientes 
diferentes, aproximadamente 0%, 10%, 30% y 50%, cuando fue posible.  
Los resultados obtenidos muestran una reducción de la materia orgánica que lleva 
aparejada una disminución del porcentaje de agregación, y en consecuencia una menor 
estabilidad de los horizontes superiores del suelo. La capacidad de retención de agua se 
ve también afectada, reduciéndose a presiones altas. Este hecho es consecuencia por una 
parte de la disminución de la materia orgánica, y por otra por el carácter irreversible de 
las alofanas frente a la desecación. No obstante, y dada la naturaleza de los suelos, se 
mantienen aún valores no despreciables de retención de agua. Como norma general en 
los andisoles al desecarse aumenta la hidrofobicidad, situación más acusada en los 
alofánicos y no-alofánicos evolucionados. El método clásico utilizado basado en 
muestras secas al aire desvirtúa los resultados en esta tipología de suelos. En cuanto a 
los cambios en la capacidad de infiltración del agua en el suelo y a la generación de 
escorrentía, los datos son contundentes. La tasa de infiltración básica disminuye después 
del incendio, si bien dada la naturaleza de los andisoles aún en algunos casos se 
mantienen valores no despreciables. Parece predominar la tendencia a que es necesario 
un mayor volumen de agua para que comience a producirse la escorrentía. En todas las 
zonas estudiadas y en cualquier pendiente aumenta de forma muy considerable la 
generación de sedimentos y los procesos de erosión. 
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Impacto del fuego controlado en las propiedades hidrológicas de 
suelos desarrollados sobre calizas jurásicas-Estudio experimental 
de Podentes (Portugal) 
O. González-Pelayo a*, V. Andreu a, J.L. Rubio a, C.S.S. Ferreira b, A.J.D. Ferreira b 
a. CIDE- Centro de Investigaciones sobre Desertificación, Universidad de València. Camí de la marjal 
s/n, 46470, Albal, Valencia, España. http://www.uv.es/cide. 
b. CERNAS, Escola Superior Agrária de Coimbra, Bencanta, P3040-316 Coimbra, Portugal. 
 
Cada año grandes áreas de bosque son afectadas por los incendios, especialmente en la 
región mediterránea. A fin de reducir este impacto, en algunas circunstancias los 
servicios forestales están utilizando, entre otros, las quemas prescritas. Dado que esta 
comienza a ser una técnica común, es importante conocer sus efectos en los parámetros 
físicos y en los procesos hidrológicos del suelo. Con este objetivo, se ha llevado a cabo 
un incendio controlado (2,1 ha) en un área de estudio ubicada en Podentes (centro 
Portugal), para evaluar los efectos producidos por el fuego en algunos parámetros de la 
superficie del suelo. 
El paisaje de esta zona está caracterizado por colinas dolomíticas, sin cauces 
permanentes. La vegetación predominante esta compuesta por Quercus coccifera, 
Pistacia lentiscus, Arbutus unedo, Ulex jussiaei y Erica scoparia, en las diferentes 
etapas de la serie fitosociológica Arisaro-Quercetum broteroi, llegando ha alcanzar una 
carga de 7 kg m-2. La precipitación anual oscila entre 1000-1200 mm, concentrándose 
las lluvias en otoño e invierno. El suelo es una asociación de Cambisol crómico y 
Leptosol cámbico, desarrollado a partir de calizas jurásicas. Es un suelo poco profundo 
con algunos afloramientos rocosos y un horizonte O bien desarrollado. 
En esta área se ha realizado un inventario florístico, se han descrito dos perfiles de suelo 
y se han delimitado dos unidades de paisaje: ladera norte y ladera sur. Los muestreos de 
suelo, antes y e inmediatamente después del fuego (georeferenciados con GPS), se 
realizaron en dos profundidades (0-2 cm y 2-5 cm), tomando también muestras de la 
hojarasca (n=63). A estas muestras de suelo (n=136), se les realizaron los análisis 
convencionales además del contenido de agua (curvas pF), materia orgánica y 
estabilidad de los agregados. En este ámbito, se desarrollaron también una serie de 
estudios de campo para determinar la hidrofobicidad (MED), y ensayos con simulador 
de lluvia, antes y después del incendio controlado. 
Para la determinación de la temperatura máxima y el tiempo de permanencia, se ha 
utilizado una densa red de termopares (n=136), instalados a diferentes profundidades 
                                                 
* E-mail: oscar.gonzalez-pelayo@uv.es 
35 
 
del suelo (0 y 2 cm). Para contrastar los datos de temperaturas máximas también se 
utilizaron barras de metal con pinturas termosensibles. Además, las temperaturas de la 
llama fueron monitorizadas mediante el uso de sensores láser. 
Los resultados indican que las temperaturas medias en la superficie del suelo no 
superaron los 200 ºC. En los puntos de muestreo donde se superaron los 100 ºC, la 
temperatura media fue de 320 ºC, mientras los tiempos de permanencia de las 
temperaturas mayores de 100 ºC fueron de 3 minutos. El impacto de este fuego, de baja 
intensidad, se vio reflejado en un aumento de la persistencia de la hidrofobicidad, sobre 
todo en la capa superficial de cenizas y en la superficie del suelo, no así en profundidad 
(2 cm). En estos puntos, las temperaturas de las llamas sobrepasaron los 650 ºC. En 
relación a los test de simulación de lluvia, los datos reflejan una alta tasa de infiltración, 
no produciéndose escorrentía en las áreas no quemadas. Los ensayos de simulación de 
lluvia en las áreas quemadas, evidenciaron una alteración del comportamiento del suelo 
frente al agua, produciéndose escorrentía en algunos casos y pasando de condiciones 
hidrófilas a moderadamente hidrofóbicas, lo que refleja una disminución de la 
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Hydrological effects of fire on Mediterranean dune soils 
F.A. González, E. Escalante, C. Novo, C. Rivero, L.M. Zavala, A. Jordán* 
MED_Soil Research Group. Dpto. de Cristalografía, Mineralogía y Química Agrícola, Facultad de 
Química, Universidad de Sevilla, C/Profesor García González, 1, 41012, Sevilla, Spain 
 
The occurrence of water repellency is common in surface horizons from Mediterranean 
soils during and immediately after the dry season. Several researchers have highlighted 
the important role played by certain plant species in developing soil water repellency, 
although it cannot be assumed that these species always induce water repellency under 
natural conditions. Water repellency has been often described in the surface of dune 
sands. Water repellency in sandy soils develops as a consequence of sand particles 
coated with organic substances produced by fungal activity. Partially decomposed plant 
parts directly contribute to the development of water repellency in soils. Although the 
organic matter content of water repellent soils can be very low, the presence of organic 
substances as humic acids can induce soil hydrophobicity. 
Some of the consequences of soil water repellency are reduced soil infiltration rates, 
enhanced runoff flow and soil erosion. The importance of these effects depends upon 
the severity and spatial variability of hydrophobicity. Some authors have reported 
unstable wetting fronts in water repellent soils, in contrast with wettable soils, where 
water can infiltrate forming an uniform horizontal wetting front. However, water 
repellent soils will get wet after prolonged or recurrent rainfall, what results in a ponded 
and very wet topsoil layer resting on relatively dry and/or still water repellent soil body. 
In such case, infiltrated water may flow following different paths. In a water repellent 
soil body, water may flow laterally, and provide water to places where vertical flow 
paths are formed, resulting in fingered infiltration. These vertically directed preferential 
flow paths facilitate the rapid movement of water and solutes to the groundwater. 
Preferential flow paths create spatial variability in soil moisture affecting plant growth. 
The distribution and variation with soil depth of water repellency has been studied in 
fire-affected sand dunes under three different vegetation types (pine forest, shrubland 
and sparse herbaceous vegetation) in SW Spain. The persistence and intensity of water 
repellency at the exposed surface of soil was measured using the water drop penetration 
time test and the contact angle method, respectively, in surface samples (0- 3 cm) 
collected at burned and unburned areas. The variation of water repellency with depth in 
burned areas was studied in soil profiles every 5 cm between 0 and 40 cm depth. None 
or slight soil water repellency was observed at unburned soil sites, whereas burned soil 
sites showed a high degree of repellency, especially under pines and shrubland. The 
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spatial pattern of fire-induced soil water repellency was found to be associated to 
vegetation types, although it was modulated by soil acidity and the soil organic carbon 
content. Soil water repellency was generally higher at the soil surface, and decreased 
with depth. Dense pine forests and shrublands showed strong and/or severe water 
repellency in depth, but it was rare and limited to the first five centimeters under sparse 
herbaceous vegetation. The heterogeneity of moisture patterns under dense pine forests 
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Uso de pirólisis/GC-MS para la caracterización de la materia 
orgánica de un suelo Mediterráneo bajo Quercus coccifera a 
diferentes temperaturas 
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d. Department of Earth Sciences – Geochemistry, Faculty of Geosciences, Utrecht University, P.O. Box 
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WV, The Netherlands. 
 
En ecosistemas Mediterráneos, los incendios forestales son comunes durante los meses 
de verano (muy secos y calurosos. El fuego provoca serios impactos ambientales y 
ecológicos que pueden dar lugar a importantes cambios en las características de la 
vegetación y el suelo. Uno de los efectos más comunes de los incendios forestales en las 
propiedades del suelo es la alteración de la materia orgánica (MO tanto en su contenido 
como en su composición. 
Los principales objetivos del presente trabajo han sido la caracterización de los 
compuestos químicos que conforman la MO de un suelo forestal mediterráneo y la 
determinación de los posibles cambios producidos en estos, como consecuencia del 
impacto de diferentes temperaturas. El suelo estudiado es un Rendzic Leptosol (FAO-
UNESCO, 1988 desarrollado sobre calizas jurásicas, de profundidad variable (< 40 cm 
y una gran pedregosidad. Dicho suelo fue muestreado bajo Quercus coccifera (por 
considerarse ésta una de las especies típicas del paisaje Mediterráneo y sometido a 
distintas temperaturas en el laboratorio en función de los principales cambios 
producidos en sus propiedades, así: (a 25 ºC: temperatura ambiente; (b 220 ºC: aumento 
de la hidrofobicidad y deshidratación de las formas de gel; y (c 380 ºC: combustión de 
la materia orgánica y re-agregación de partículas. 
El procedimiento utilizado consiste de dos fases. En la primera o pre-tratamiento se 
busca la extracción con NaOH de la parte orgánica del suelo, para en la segunda 
determinar cuáles son los principales compuestos que la conforman. Para ello se ha 
utilizado el método Curie Point Pirólisis seguido de cromatografía de gases y 
espectrometría de masas (Py/GC-MS por sus siglas en inglés. 
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En la materia orgánica del suelo a temperatura ambiente se identificaron: butano; 
acetona; furano; benceno; tolueno; etilbenceno; estireno; furfural; fenol; guayacol; 3 y 
4-metilfenol; 2 y 4-dimetilfenol; ácido 9-octadecanoico-metil ester; p-tert-butil fenol; 1-
tetradecanol; ácido tetradecanoico; 2, 4-bis (1,1 dimetiletil fenol; ácido hexadecanoico; 
broxiquinolina; ácido octadecanoico; escualeno y algunos n-alcanos y n-alquenos. En el 
suelo a 220ºC los compuestos son los mismos con excepción del furano y el fenol que 
no se detectaron. A 380 ºC además de estos dos compuestos tampoco se han detectado 
butano; acetona; tolueno; etilbenceno; 1-tetradecanol y ácido tetradecanoico. 
En conclusión se observaron pocos cambios en la composición química de la MO 
cuando el suelo alcanza los 220 ºC mientras que a 380 ºC, además de los compuestos 
más volátiles, parece ser que algunos compuestos de cadena larga (1-tetradecanol y 
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Variación de la actividad enzimática del suelo tras el fuego en 
función de la severidad del incendio, el micrositio y el tipo de 
estrategia de regeneración de la vegetación 
R. López-Poma*, A.G. Mayor, S. Bautista 
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La actividad enzimática del suelo puede usarse como indicador del funcionamiento de 
los ecosistemas y, en particular, de su potencial para el reciclado de nutrientes. En este 
trabajo, cuantificamos las actividades de tres enzimas edáficas para evaluar el impacto 
del fuego en el funcionamiento de un ecosistema forestal mediterráneo en función de la 
severidad del fuego, del tipo de microambiente y de la estrategia de regeneración de la 
vegetación. El estudio se ha desarrollado en Ayora (Valencia), en tres parcelas de 
matorral mediterráneo en las que llevamos a cabo sendos incendios experimentales en 
abril de 2009. La vegetación de la zona es discontinua, con manchas (patches) de 
vegetación leñosa en una matriz de suelo desnudo o parcialmente cubierto de especies 
herbáceas. Las especies más abundantes en la zona de estudio incluyen tanto arbustos de 
estrategia germinadora tras el fuego (Rosmarinus officinalis y Ulex parviflorus) como 
arbustos rebrotadores (Erica multiflora, Juniperus oxicedrus y Quercus coccifera). En 
cada parcela, se seleccionaron 16 subparcelas circulares de 1 m de diámetro, 
representativas de cuatro tipos diferentes de microambientes (cuatro réplicas por cada 
tipo): suelo desnudo, mancha de especies rebrotadoras, mancha de especies 
germinadoreas y mancha mixta de especies rebrotadoras y germinadoras. En cada 
subparcela se cuantificó las actividades de las enzimas fosfatasa ácida, β-glucosidasa y 
ureasa en el suelo superficial (0-5 cm) antes y después del fuego; se midió la 
temperatura del suelo (1 cm de profundidad); y se evaluó la severidad del fuego a partir 
del porcentaje de cenizas blancas. 
En general, las manchas de vegetación mostraron valores más altos de actividad 
enzimática que las áreas de suelo desnudo y, de entre ellas, las mayores actividades se 
cuantificaron en las manchas que incluían especies rebrotadoras. El fuego redujo la 
actividad enzimática del suelo para las tres  enzimas consideradas, pero el efecto fue 
particularmente marcado en el caso de las manchas mixtas de rebrotadoras y 
germinadoras. La temperatura máxima alcanzada en el suelo superficial y el porcentaje 
de cenizas blancas se correlacionaron negativamente con la actividad enzimática del 
suelo. Los resultados obtenidos muestran un efecto claro del microambiente y de la 
severidad del fuego en la actividad enzimática del suelo. No obstante, el impacto del 
fuego en el suelo depende en gran medida del tipo de vegetación que lo cubre, siendo 
las manchas mixtas de especies rebrotadoras y germinadoras las más afectadas, 
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posiblemente debido a una mayor biomasa y, por tanto, una mayor severidad del fuego 
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Runoff and erosion from micro-plot to catchment-scale in a 
recently burnt forest area in central Portugal 
J.J. Keizer a*, J.P. Nunes a, D.C.S. Vieira a, M.E.T. Varela a, S.A. Prats a, L.M.G. Pereira b, M.C. 
Malvar a, P.A.A. Maia a, R.S.V. Ferreira a, I.A.C. Fernandes a, S. Faria a, A.S. dos Santos a 
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The proposed presentation concerns work being carried out in one of the study areas of 
the EROSFIRE-II project, funded by the Portuguese Foundation for Science and 
Technology (FCT; PTDC/AGR-CFL/70968/2006). The project’s overall aim is to 
assess the suitability of existing erosion models for predicting overland flow generation 
and/or associated sediment losses in recently burnt forest areas and, ultimately, for 
guiding post-fire land management within these areas. Whilst a precursor project 
focused on slope-scale erosion, EROSFIRE-II also addresses catchment-scale 
processes, in particular through continuous streamflow and sediment load 
measurements using a hydrometric station. The Morgan, Morgan, Finney model (MMF; 
Morgan, 2005) and MEFIDIS (Nunes et al., 2005) were selected for annual/seasonal 
and event-based modeling, respectively. Modeling efforts, however, have so far focused 
on the EROSFIRE-I data set and the current presentation will therefore be limited to 
measurement results. 
The study area is located in the Gois municipality, central Portugal, and burned during 
the summer of 2008. With this burnt area of about 60 ha, five hillslope sections were 
each equipped with 4 bounded micro-plots of 0.25-0.50 m2, 4 unbounded slope-scale 
plots of 0.50 m width and 1 sediment fence of 2-3 m width. In the central part of the 
study area, an almost entirely burnt micro-catchment of roughly 10 ha was instrumented 
with a H-flume and a hydrometric station comprising a water level recorder, a turbidity 
sensor, four soil moisture sensors, an automated streamflow sampler and an automated 
rainfall gauge. Additional equipment include two automatic rain gauges as well as two 
sets of four automatic soil moisture sensors. The contents of the tanks linked to the 
runoff plots were measured and sampled on a 1-2 weekly basis, whilst the sediment 
fences were emptied at irregular intervals. 
The runoff and erosion results obtained during the first few months (October-December 
2008) agree well with those of earlier studies in burnt areas in Portugal (see e.g. 
Shakesby & Doerr, 2006). For example, erosion rates decrease with elapsing time after 
the fire, decrease with increasing spatial scale (at least from micro-plot to slope-scale) 
and are, in general, low compared to those known from agricultural lands. Nonetheless, 
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these preliminary results also suggest phenomena that are still poorly known from burnt 
catchments, most noticeably a seasonal switch in the importance of slope length in 
overland flow generation that may well be related to the presence of pronounced soil 
water repellency immediately after fire and its subsequent disappearance in the course 
of the rainy winter season. 
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Assessing soil erosion after fire in NW Spain: Performance of 
RUSLE and revised Morgan-Morgan-Finney models in contrasting 
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Although the Revised Universal Soil Loss Equation and the revised Morgan-Morgan-
Finney are well known models, not much information is available as regards their 
suitability in predicting post-fire soil erosion in forest soils. The lack of information is 
even more pronounced as regards post-fire rehabilitation treatments. 
This study compared the soil erosion predicted by the Revised Universal Soil Loss 
Equation (RUSLE) and the revised Morgan-Morgan-Finney (MMF) model with the 
observed values of soil losses, for the first year following fire, in two burned areas in 
NW of Spain with different levels of fire severity. The applicability of both models to 
estimate soil losses after three rehabilitation treatments applied in a severely burned area 
was also tested. The MMF model presented reasonable accuracy in the predictions 
while the RUSLE clearly overestimated the observed erosion rates. When the C factor 
obtained by the RUSLE formulation was multiplied by 0.7 to take into account the high 
organic matter content of the studied soils the efficiency of the equation improved. Both 
models showed their capability to be used as operational tools to help managers to 
determine action priorities in areas of high risk of degradation by erosion after fire. 
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Dada la dificultad de aislar el efecto la intensidad del fuego en los trabajos de campo, 
este experimento se centró en la aplicación de un rango de temperaturas bajo 
condiciones controladas de laboratorio para estudiar la respuesta microbiana en un suelo 
quemado con diferente intensidad. Para ello, el suelo de un área forestal madura de la 
provincia de Alicante, fue incubado al 60% de su capacidad de campo durante 4 días y 
se sometió a quemas de 15 minutos a diferentes temperaturas (control, 120, 200, 300 y 
400 ºC). Una vez realizadas las quemas, las muestras se inocularon con suelo control 
para simular un proceso acelerado de recolonización microbiana. El crecimiento 
bacteriano (incorporación de 3H-leucina), crecimiento fúngico (incorporación de 14C-
Acetato) y la respiración edáfica, fueron analizados, y la evolución de la mineralización 
del carbono fue estudiada en los valores acumulados de CO2 desprendido durante la 
incubación (21 días), ajustando los valores acumulados a una función doble exponencial 
que nos estima la presencia de dos pool de carbono con diferente velocidad de 
mineralización.    
Los resultados relativos al crecimiento bacteriano (incorporación de leucina)  mostraron 
la gran capacidad de las bacterias para crecer en el suelo quemado, especialmente en las 
muestras expuestas a 200-300 ºC. Los picos de máximo crecimiento bacteriano se 
dieron entre el segundo y cuarto día de incubación y mantuvieron valores superiores al 
control hasta el final del experimento, exceptuando aquellas muestras quemadas a 400 
ºC.  
Los hongos, al contrario que las bacterias, se vieron afectados negativamente con la 
quema permaneciendo bajo los niveles del control durante todo el experimento. 
La tasa de respiración fue máxima inmediatamente tras las quemas coincidiendo con un 
marcado incremento del carbono soluble. Sin embargo, ambos parámetros comenzaron 
a disminuir rápidamente hasta niveles próximos al control en la primera semana de 
incubación.  
Los valores acumulados de respiración fueron mayores al control en todos los 
tratamientos, siendo las muestras quemadas a 300 ºC las que mostraron los valores 
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acumulados más altos. La mineralización del pool lábil y el recalcitrante mostraron 
valores superiores o similares al control en las muestras expuestas entre 120 y 300 ºC. 
Sin embargo, las muestras expuestas a 400 ºC se caracterizaron por una elevada 
mineralización del pool lábil (equiparable a las muestras quemadas a 300 ºC) pero una 
marcada disminución de la mineralización del pool recalcitrante con respecto al control. 
Con los resultados obtenidos se puede apreciar la marcada influencia de las 
transformaciones del carbono en la respuesta microbiana y el patrón de mineralización, 
revelando un proceso de sucesión entre microorganismos estrategas de la “r” que 
consumirían rápidamente el carbono lábil al inicio de la incubación y los 
microorganismos estrategas de la “k” que crecerían más lentamente degradando 
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Respuesta de la población microbiana a los agentes retardantes 
de llama 
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Actualmente se están empleando agentes retardantes de llama como aditivos del agua 
para mejorar la eficacia en la extinción de los incendios forestales. Sin embargo, a pesar 
de su interés, se desconocen los efectos de estos compuestos sobre el medio edáfico 
(propiedades físicas, químicas y biológicas). En el presente trabajo se examinó, bajo 
condiciones de campo, la respuesta de la población microbiana a la adición de 3 agentes 
retardantes de llama a dosis normales de aplicación. El estudio se realizó con un 
Cambisol Húmico bajo matorral sometido a una quema controlada y considerando los 
siguientes tratamientos: suelo control no quemado y suelo quemado adicionado con 
agua, espumante, Firesorb y polifosfato amónico. Las muestras de suelo se recogieron a 
distintos intervalos de tiempo durante 5 años analizándose diversas propiedades 
relacionadas con la masa (C biomasa), actividad (β-glucosidasa y ureasa) y diversidad o 
estructura (ácidos grasos de los fosfolípidos, PLFA pattern) de la comunidad 
microbiana edáfica. Los resultados mostraron que inicialmente la población microbiana 
resultó afectada negativamente por la quema controlada y que con el tiempo tiende a 
recuperarse; sin embargo, al cabo de 1 año los efectos sobre la masa y actividad 
microbiana persistían y 5 años después de la quema todavía se observó un efecto sobre 
la diversidad microbiana. Los datos también indicaron que, en comparación con el suelo 
quemado adicionado con agua, el polifosfato amónico y el Firesorb fueron los agentes 
retardantes que ejercieron una mayor influencia sobre la población microbiana y que el 
efecto del Firesorb sobre la diversidad microbiana se detecta incluso después de 5 años 
de su aplicación. Los resultados, por tanto, pusieron de manifiesto la utilidad de las 
medidas de biodiversidad mediante el análisis de los ácidos grasos de los fosfolípidos 
(PLFA pattern) para detectar el impacto a largo plazo de la aplicación de agentes 
retardantes de llama sobre el ecosistema edáfico. 
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Prescribed burning aims at managing the fuel load of the standing vegetation biomass 
and, thereby, at reducing wildfire hazard. It has been used successfully as an operational 
management tool in, for example, north-west Portugal. Nonethless, some prescribed 
fires have been found to have negative impacts on trees and on soil properties 
(Fernandes & Botelho, 2004). 
This study addresses the effect of experimental burning on the seed bank of a 
Mediterranean shrubland in central Portugal, dominated by Pterospartum tridentatum, 
Erica australis and Erica umbellata. It is part of a broader PhD study, funded by the 
Portuguese Foundation for Science and Technology (FCT; SFRH/BD/42168/2007), on 
the role of the seedbank in vegetation recovery following fire in general.  
The experimental burning studied here took place during May 2008 and was organized 
and conducted by the CEIF. Five of the plots to be burned were selected for this study, 
and sampled immediately before and after the burning took place. Roughly halfway the 
lower as well as the upper part of each plot, one specimen of Pterospartum tridentatum 
and one of Erica umbellata were selected. Before the burning, one topsoil sample was 
collected underneath each of the selected specimens. This was done using a metal core 
with a diameter of 6 cm and a length of 30 cm. The pictures of the plot and a marker at 
the pre-burning sampling spot were used to determine the post-fire sampling locations. 
The 20 pre- and post-burning sample cores were separated in the laboratory in the three 
subsamples, i.e. ash/litter layer and 0-3 and 3-6 cm soil depths.Each sub-sample was put 
to germinate in a laboratory space kept at constant temperature (20º) and 16-8hour 
photoperiod. The samples were watered as needed with distilled water and monitored on 
a weekly basis for seedling emergence during one year. Unknown emerging plants were 
transplanted for posterior taxonomic identification. 
Overall, the experimental burning didn’t have a major effect on seed germination. 
Viable seed densities were, on average, 73.25 and 67.23 seeds m-2 for the unburned and 
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burnt sample locations, respectively. The role of fire severity is still being analysed but 
results obtained so far reveal a rather weak relationship between severity (as derived 
from white ash cover) and total seedling emergence. Also the presence of distinct fire 
effects for the two species is being analysed in more detail.  
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El fuego es un fenómeno recurrente en las zonas mediterráneas y un factor que afecta a 
la viabilidad de los ecosistemas. Produce efectos indeseables sobre la salud y la calidad 
de los suelos debido a la destrucción de la cubierta vegetal, favoreciéndose, por tanto, 
los procesos erosivos y la pérdida de nutrientes del suelo. Los incendios tienen, por 
tanto, un importante impacto sobre las propiedades físicas y químicas, así como en la 
composición y dinámica de la materia orgánica de los suelos afectando notablemente a 
las poblaciones microbianas. De hecho, las comunidades microbianas son en gran 
medida responsables de la estructura general del suelo, siendo de utilidad el estudio de 
las mismas como indicador de su estado de recuperación tras una perturbación, como es 
el caso de un incendio.  
Nuestro trabajo se ha centrado en la caracterización microbiológica de distintos suelos 
de la provincia de Jaén. Se han seleccionado los suelos de la Sierra de Cazorla, Segura y 
Las Villas afectados por un incendio en el año 2005, así como suelos controles cercanos 
no afectados, habiéndose realizado, hasta el momento, un estudio de dos años 
consecutivos (cronosecuencia de dos años). En los suelos estudiados se han estimado 
los siguientes parámetros: 1) las fluctuaciones de la biomasa microbiana en los distintos 
suelos; 2) la actividad microbiana de los suelos mediante la determinación de la 
actividad respiratoria (SIR); 3) los perfiles fisiológicos de las comunidades microbianas 
presentes en los suelos, y 4) el análisis de la biodiversidad microbiana mediante la 
técnicas moleculares específicas de DGGE y clonaje del gen codificante para ARNr 
16S.   
Los resultados más relevantes obtenidos hasta el momento nos permiten extraer las 
siguientes conclusiones: 1) tanto en las muestras del primer año como en las del 
segundo, el phylum Proteobacteria es el predominante en todos los tipos de suelos, 
seguido por los phyla Acidobacteria y  Actinobacteria; 2) en general, los suelos control 
presentan un mayor número de phyla que los quemados; 3) en las muestras de suelos 
control los phyla mayoritarios, Proteobacteria y Acidobacteria, se encuentran en 
porcentajes semejantes, mientras que en los suelos quemados se observa un incremento 
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notable de las proteobacterias, en detrimento, fundamentalmente, de las acidobacterias. 
Será por tanto interesante profundizar en el estudio de las acidobacterias, dado que este 
phylum podría ser considerado uno de los marcadores microbiológicos de los suelos 
quemados. 
4) Dentro del phylum Proteobacteria dominan los grupos α-proteobacteria y ß-
proteobacteria y 5) los valores correspondientes al índice de Shannon obtenidos a partir 
de la DGGE son más altos en los suelos quemados que en los control (mayor diversidad 
en los suelos quemados); sin embargo,  los valores del índice Shannon obtenidos a partir 
de las librerías de clones, muestran una mayor diversidad de phyla en los suelos control 
que en los quemados. 
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Forest fires are considered as one of the major disturbances in terrestrial ecosystems. 
They are involved in the transformation of vegetation and litter, leaving charred 
residues and so influencing the carbon cycle by changing, not only the amount of soil 
organic matter (SOM), but also the proportions and stability of the different C and N 
pools in the soil. 
The main objective of this work was to characterize the SOM changes produced by a 
wildfire in North East Tenerife (Canary Islands). The samples chosen for this study 
were taken in 2007 from a soil with andic characteristics from “Monte la Esperanza” at 
1400 m.a.s.l. The site is a protected area of environmental interest affected by severe 
wildfire in 1995. A nearby soil sample that remained un-affected by the fire event was 
also taken and used as a control. 
To determine the proportions of soil organic matter of differing thermal stability a first 
analytical approach was done by thermal analysis (TG) coupled with differential 
scanning calorimetry (DSC). It is observed that the burnt soil samples show lower 
content of labile organic matter than these from the unburnt area; however the relative 
amount of thermally labile and recalcitrant OM was very similar. 
The decomposition temperatures as observed from thermogravimetry (TG) were used to 
perform pyrolysis-GC/MS analysis. Conspicuous differences between the molecular 
composition of burnt and unburnt samples were detected. At low pyrolysis temperature 
(250 ºC), the unburnt soil revealed a diverse content of labile compounds 
(polysaccharide-derived and aliphatic compounds), while the burnt soil yields less 
diverse pyrograms dominated only by two furan structures. At temperatures above 500 
°C, alkyl and aromatic compounds were observed, including PAHs from the burnt soil. 
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Elemental analysis (C and N) also pointed up differences between samples. The values 
obtained for the fire affected soil were half (9.8 % OC; 0.5 % N) than for the control 
soil 19.43 % OC; 1.1 % N), other physical parameters studied (pH, conductivity) 
confirmed the differences between the soils.  
The combination of complementary results obtained by elemental analysis, TG-DSC 
and pyrolysis-GC/MS is a valuable tool to decipher the changes exerted by fire in the 
SOM properties. In spite of the small differences found in the proportion of the 
thermally-stable components, the noteworthy reduction in the C and N contents, 
probably due to the intense erosion during the first stages after the fire event, as well as 
the differences observed by analytical pyrolysis and other analysis lead to believe that 
the natural recovery of this soil is very difficult or not possible al all. The design of a 
soil management strategy favouring an increase the OC an N would be desirable in 
order to prevent further degradation of the area. 
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Both the quality and quantity of soil organic matter (SOM) are severely affected by 
fires, with widely variable effects depending on numerous factors such as fire intensity, 
duration, and the amount and autocombustibility of vegetation and litter (Neary et al., 
1999). Research is still controversial: although is widely accepted that charring turns 
labile organic components (carbohydrates, amino acids) into recalcitrant aromatic and 
heteroaromatic forms (Almendros et al., 2003), greater decomposition of SOM after 
fires has also been reported (Fernández et al., 1997). In this work the structural changes 
of SOM with progressive heating were monitored by using Pyrolysis-Gas 
Chromatography/Mass Spectrometry (GC/MS). For this purpose, sapric peat from 
Galicia (Northern Spain) was subjected to laboratory-controlled isothermal heating at 
350 ºC for 60, 90, 120, 150 and 180 s, and analysed by Pyrolysis-GC/MS using a Curie-
point pyrolyser attached to a Varian Saturn 2000 GC/MS.  
The results showed that at low fire intensities (<120 s of heating time) the alkyl fraction 
increased and the carbohydrate fraction decreased, with no significant changes in the 
relative amounts of the other macromolecular constituents. This indicates a selective 
effect of fire on the aliphatic moiety: whereas carbohydrates are gradually degraded, the 
alkyl compounds seem to be somewhat resistant to the low-intensity fires. However, the 
concentration of short chain (<20 C) alkyl compounds with even number of C (C2n) 
within this fraction would indicate that this quantitative resistance consists, in fact, of 
the cleavage of the longer alkyl compounds into shorter ones, concomitant with thermal 
alteration of those from plant origin (odd-C numbered alkyl chains). At 120–150 s of 
heating time the concentration of non-methoxyphenolic aromatics increased 
dramatically, at expenses of the alkyl and N-containing fraction. At these fire 
intensities, the transformation of SOM emulates several features characteristic of the 
biological humification processes occurring in the course of hundred or thousands of 
years, and contributes to accumulate recalcitrant C forms into the soil. However, at very 
high fire intensity (180 s of heating time) this humification-like effect disappeared, and 
the remaining fractions consisted mainly of alkyl compounds (79%), with prevalence of 
the long-chained ones (>20 C), followed by non-methoxyphenolic aromatics (18%); the 
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other groups of compounds were drastically reduced or not detected. This composition 
resembles to that of a ‘protokerogen-like’ humic material, characterized by a 
conspicuous recalcitrant domain of thermally-resistant alkyl fraction. These results 
suggest that fire intensity affects the structure of humic substances following 
systematically diverging pathways: depletion of carbohydrate at low intensities, 
oxidative transformation similar to that of the humification processes at medium-high 
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Black carbon (BC) is supposed to compose a major proportion of the slow-cycling 
carbon pools in soils. This view is supported by the observation that charcoal is still 
detectable in buried fossil soils and at archeological sites. However, Masiello (2004) 
stated that measurements of BC production and losses are not balanced. She speculated 
further, if BC had been produced since the last glacial maximum via biomass burning at 
the same rate as nowadays, BC should account for 25% to 125% of the total soil organic 
carbon pool. Although a few measurements indicated BC contents as large as 25%, even 
the lower bound is unrealistic for the entire soil carbon pool. In order to bring some 
light onto the fate of charcoal during the recovery period, soils of two cronosequences 
were analyzed for the SOM composition and charcoal contents.  
The first cronosequence (Histic Humaquept) derived from the Donaña National Park in 
Southern Spain. Samples were taken at directly, 15 years and 19 years after a severe fire 
and from locations, that remained unaffected. The fire combusted all of the O layer (0-
20 cm) but increased the char content in the A horizon. In the lower soil region no 
charcoal was identified. After 19 years, the O layer recovered to approximately 5 cm, 
but only minor contributions of charcoal were identified after oxidation with acid 
dichromate. The mineral soil, on the other hand revealed charcoal C contents of up to 
18% of the total C at depths > 30 cm. This clearly evidences a downward translocation 
of charcoal within the soil profile during the recovery time. A translocation into deeper 
soil regions was also observed in a Cambisol from Piedravales, Central Spain already 
one year after a severe fire. With recovery time, the calculated char content decreased 
from 30% after 1 year to 24% after 24 years in the A horizon. NMR spectroscopy 
revealed high carboxyl C content of the charcoal indicating that oxidation of the 
aromatic ring structure occurred with aging. The formation of carboxyl groups increases 
the polarity and therefore also the water solubility, allowing the observed char 
movement. The higher polarity of the aged char is likely to increase also its 
susceptibility to microbial attack, which could at least partly explain the decrease of 
char levels in most fire-affected soils over time. 
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Forest fires are the main disturbance in the Mediterranean basin and exert both 
immediate and lasting environmental impacts. This is in part caused by the 
transformation of soil physical, chemical and biological characteristics associated to 
changes in soil organic matter (SOM) (González-Pérez et al., 2004, and references 
therein). 
Within the framework of a coordinated multidisciplinary project where a variety of 
complementary analytical techniques were used, we were able to detect several markers 
surrogated to the effect of wildfires in SOM properties (González-Pérez et al., 2008). 
In this communication we have analyse C stable (δ13C) isotopic composition of n-
alkanes by gas chromatography isotope ratio mass spectrometry (GC-irMS). Previous 
work on this matter has focused the study in bulk δ13C (Roscoe et al., 2000; Fernandez 
et al., 2004; Saito et al., 2007). However, this is the first attempt to study the effect of 
forest fires on C stable isotopic shifts composition in selected molecules. 
Soils affected by wildfires were taken from a variety of scenarios from Andalusia 
(Southern Spain) that included different soil types under different vegetation and 
affected by wildfires between 1999 and 2005. As control (non-affected) samples were 
taken from nearby areas with similar soil characteristics and vegetation type but with no 
recent history of forest fires. 
The soil lipid fraction was soxhlet extracted in the fine-earth samples with a mixture of 
dichloromethane/methanol. The accurate analysis of stable carbon isotope ratios of 
individual n-alkanes by GC–irMS requires previous separation from branched/cyclic 
hydrocarbons by conventional separation methods including urea adduction. GC–irMS 
analyses were performed on a Thermo Trace Ultra GC using a split less injector 
(280°C) via a Combustion III Interface linked to a Thermo Delta V+ IR-MS. The 
sample (1µl) in hexane was injected by a CTC auto sampler and the split opened after 1 
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minute. The GC oven was programmed from 50-320°C at 5°C min and held at final 
temperature for 6 minutes with He as the carrier gas (flow 1ml/min, initial pressure of 
50kPa, split at 20 mls/min). Chromatographic separation was performed on a fused 
silica capillary column (30m x 0.25mm i.d) coated with 0.25µm di-methyl Poly-
siloxane (HP-5) phase. The acquired data was processed using the Isodat dynamic 
background integration Workspace software to give the peak retention times and isotope 
ratios as δ13C values. 
Carbon stable isotopic composition (δ13C) for odd carbon number n-alkane chains with 
length from 27 to 33 carbon atoms as obtained for the Cazorla (Jaen, Andalusia) site is 
shown in Table 1. The soil is a Rendollic Xerochrept formed on loess under Pinus pinea 
forest. An intense fire event occurred in August 2005 and the fire-affected and fire-
unaffected soils were collected in 2005, 2006 and 2007. Alkane distribution in the 
control and burn samples collected in 2006 is shown in Figure 1. 
 
Figure 1. N-alkane distribution (m/z 85) as detected by GC/MS. Stars indicates the 
compound for which δ13C was determined 
 
Previously known effects of forest fires on soil n-alkane pattern include an increase in 
low MW homologues and in noun predominance in medium length chains (González-
Pérez et al., 2008). Here a trend in δ13C for odd carbon number n-alkane chains is also 
detected towards depletion in 13C with time after the fire (Table 1). 
The observed effect could be explained by a progressive addition of plant wax n-alkanes 
to the lipid soil pool from decayed hard wood vegetation (C3 type). Shortly after a 
wildfire, affected pine forest is known to produce a considerable amount of fresh or 
partially charred organic matter from the decayed vegetation. Elemental and isotopic 
studies have shown that bulk plant carbon and plant wax n-alkanes are incorporated into 





Table 1: Stable isotope composition of n-alkanes (* mean values). 
 
 Control (δ13C in ‰) 
Year C27 C29 C31 C33 C27-33* 
2005 -30.7 -34.4 -34.2 -31.1 -32.6 
2006 nd -30.5 -31.5 -30.4 -30.8 
2007 -33.4 -34.5 -35.7 -31.1 -33.7 
 Burnt (δ13C in ‰) 
Year C27 C29 C31 C33 C27-33* 
2005 -32.4 -35.0 -34.8 -32.9 -33.8 
2006 -30.1 -32.0 -32.0 -30.4 -31.1 
2007 -32.2 -33.5 -33.7 -32.4 -33.0 
 Difference (δ13Cburnt - δ
13
Ccontrol) 
Year C27 C29 C31 C33 C27-33* 
2005 -1.7 -0.6 -0.6 -1.8 -1.2 
2006 nd -1.5 -0.5 0.0 -0.3 
2007 1.2 1.0 2.0 -1.3 0.7 
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Los incendios forestales producen grandes pérdidas de materia orgánica y nutrientes 
(sobre todo nitrógeno y fósforo) por volatilización. Sin embargo, son también 
importantes las reservas de C, N, P y S (en adelante, CNPS) que quedan en superficie. 
Estas reservas son relevantes porque pueden ser una fuente importante de tales 
nutrientes para la recuperación de la vegetación. Sin embargo, la distribución en el 
espacio de tales restos a menudo es irregular y poco predecible; queda la duda de si las 
reservas superficiales de CNPS tienden a distribuirse al azar o tienden a acumularse en 
ciertos puntos y, en este último caso, cuáles son los factores que explican su 
distribución. 
En este trabajo se presentan los primeros resultados de un muestreo extensivo de zonas 
incendiadas que comprendió un centenar de parcelas distribuidas por una superficie 
superior a las 30000 hectáreas en el interior de la provincia de Valencia, clasificadas en 
función de variables ambientales bien definidas: (i) Número de fuegos sufridos en los 
últimos años: 1 o 2; (ii) Orientación: NSEW, (iii) Tipo de relieve: zonas de pendiente, 
terrazas, zonas llanas, cárcavas y similar, zonas de acumulación aluvial, etc; (iv) 
Pluviometría; (v) Forma del terreno: convexa, plana, cóncava. 
Tomando los resultados en conjunto, el CNPS en superficie se mostró escasamente 
afectado por los factores estudiados: sólo el tipo de relieve influyó significativamente, 
en tanto que –de forma sorprendente– la acumulación de CNPS pareció indiferente a la 
forma del terreno. Sin embargo, al segmentar los resultados por zonas climáticas, este 
resultado quedó matizado, manifestándose especialmente en lugares con pluviometría 
superior a 500 mm; una mayor pluviometría resultó en una homogeneización de la 
deposición de material en superficie a escala de paisaje. En localidades con 
pluviometría inferior a 500 mm anuales la acumulación de CNPS se vio afectada 
significativamente por la orientación, la forma del terreno y el relieve, en algún caso de 
forma muy significativa. Un resultado interesante es la escasa o nula relevancia de la 
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orientación: la mayor o menor insolación de la parcela no influyó de cara a la 
acumulación de restos en superficie tras un incendio. El número de incendios sufridos 
afectó claramente al CNPS superficial: un segundo fuego produjo una disminución 
importante y muy significativa de todos los nutrientes. El efecto del segundo fuego fue 
también homogeneizador: en zonas afectadas por 2 fuegos la acumulación en superficie 
de restos orgánicos se mostró indiferente a factores como relieve y forma del terreno. El 
número de fuegos tuvo un efecto claro no sólo sobre las cantidades totales de N, P y S, 
sino también sobre su concentración en los restos acumulados; probablemente ésta fue 
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La repelencia al agua es un fenómeno que ocurre de forma natural en los suelos pero 
puede verse inducida o favorecida como resultado del calentamiento del suelo durante el 
incendio. La repelencia se considera como una de las principales causas del incremento 
de la escorrentía superficial y la erosión acelerada del suelo en las áreas quemadas.En 
este trabajo, encuadrado en el proyecto EROSFIRE-II (financiado pela Fundação de 
Ciência e Tecnológia; PTDC/AGR-CFL/70968/2006), se analizan los efectos de un 
incendio forestal ocurrido en Agosto de 2008 en la localidad de Colmeal (municipio de 
Gois en el centro de Portugal) sobre la repelencia del suelo al agua y sus implicaciones 
en la generación de escorrentía superficial y erosión del suelo. 
La zona quemada tiene una superficie aproximada de 60 ha., donde se seleccionaron dos 
laderas, ambas con la misma geología (esquistos) pero con diferente vegetación (Pinus 
pinaster y Eucaliptus globulus). Aproximadamente dos meses después del incendio se 
inició la recogida de muestras superficiales en los suelos quemados (0-5 cm) y en dos 
laderas adjacentes no quemadas, que se utilizaron como areas control. Durante 10 meses 
se realizó un seguimiento mensual de los cambios en la repelencia, medida en el campo 
según el método MED: “Molarity Ethanol Drop” (King, 1981) y en la humedad, 
determinada por gravimetría en el laboratorio. 
Los resultados muestran una mayor severidad de la repelencia en los suelos quemados 
que en los no quemados, tanto en el pinar como en el eucaliptal. Este aparente aumento 
después del incendio fue más pronunciado en el pinar, lo que podría indicar una mayor 
intensidad del fuego.  
De hecho, durante los primeros seis meses posteriores al incendio, el suelo se mantuvo 
severamente repelente (clase 7 MED) en el pinar quemado, mientras que en el eucaliptal 
quemado la repelencia desapareció entre el tercer y el sexto mes. No obstante, a partir 
de Marzo de 2009 y más acentuadamente  en el eucaliptal quemado, la repelencia se 
empieza a recuperar a medida que la humedad del suelo disminuye. 
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Durante el primer año posterior al incendio, los suelos no quemados (PNB, ENB) 
mostraron mayores contenidos de humedad que los suelos quemados. La relación 
inversa entre repelencia y humedad se mantuvo en los cuatro locales, existiendo un 
periodo hidrófilo (Janeiro-Fevereiro de 2009) con altos porcentajes de humedad en el 
suelo flanqueado por dos periodos hidrófobos (que se corresponden con situaciones de 
suelo seco. No obstante, existen situaciones anómalas que ponen en evidencia la 
debilidad de la relación entre repelencia y humedad (correlación linear = -0.437; 
n=1238), como la medida en Julio de 2009, donde se encontró clase 2 (n=45) de 
repelencia con humedades del suelo cercanas al 5% en peso. 
En este momento se están realizando análisis para verificar si las diferencias en la 
materia orgánica del suelo, determinadas con UV-Vis y/o Fluorescencia pueden influir 
en los patrones de distribución de la repelencia del suelo al agua.  
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Contenidos de agua en el suelo y cambios en las propiedades 
hidrófobas tras impacto de fuegos en áreas de matorral 
mediterráneo 
O. González Pelayo*, V. Andreu, J. Campo, E. Gimeno-García, J.L. Rubio 
Unidad de Degradación y Conservación de suelos. Centro de Investigaciones sobre Desertificación-
CIDE (CSIC-Universitat de Valencia-Generalitat Valenciana). Camí de la Marjal, s/n. 46470-Albal, 
Valencia, Spain. 
 
En los últimos años, la incidencia de fuegos en zonas mediterráneas con matorral 
esclerófilo ha aumentado en relación con las áreas de arbolado (Ministerio de Medio 
Ambiente y Medio Rural y Marino, 2009), afectando a la intensidad del fuego y, como 
consecuencia, a las propiedades hidrológicas de la superficie del suelo (González-
Pelayo et al., 2006). El presente trabajo estudia los cambios en los contenidos de agua y 
en las propiedades hidrófobas de la capa superficial del suelo desarrollado bajo dos 
tipos diferentes de matorral (Rossmarinus officinalis y Quercus coccifera), y en el suelo 
sin cobertura vegetal. 
Se tomaron muestras de los 5 primeros centímetros de suelo bajo cada especie de 
matorral y en el suelo sin cobertura. Las muestras se secaron al aire y se tamizaron (<2 
mm). Posteriormente, se calentaron a diferentes temperaturas (tratamientos) en un horno 
mufla: 25 ºC o control, 150 ºC, 220 ºC, 380 ºC, 500 ºC, 750 ºC y 1000 ºC. Los 
contenidos de agua fueron determinados a pF 0.1, 2, 2.5, 3.2 y 4.2, usando el método de 
las placas Richard. Las características hidrófobas fueron analizadas en diferentes 
fracciones de suelo (<0.25 mm y entre 0.25-0.05 mm), mediante el test WDPT (water 
drop penetration time). 
Las muestras que sufrieron altas temperaturas (500 ºC y 750 ºC) mostraron un aumento 
en los contenidos de agua a valores bajos de pF (pF 2 and pF 2.5). Por otro lado, a pF 
3.5 y 4.2 el contenido de agua del suelo disminuyó en relación a los obtenidos en las 
muestras sometidas a 380 ºC, 220 ºC, 150 ºC y en las muestras control. Estos cambios, a 
valores altos de pF, en los contenidos de agua de las muestras calentadas a altas 
temperaturas, podrían implicar desajustes estructurales en el tamaño y geometría de las 
partículas de suelo y, por tanto, disminución en la capacidad de retener agua a valores 
altos de pF. Por tanto, temperaturas de 500 ºC y 750 ºC, implican en este caso menores 
contenidos de agua a valores altos de pF (3.5 y 4.2). Por otro lado, en las muestras 
sometidas a 1000 ºC hay una respuesta lineal a lo largo del gradiente de pF.  
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En cuanto a la hidrofobicidad, los suelos bajo matorral (Quercus y Rossmarinus) 
calentados a 220 ºC, y el control, mostraron un valor bajo de repelencia en las 
fracciones tamizadas a <0.25 mm y entre 0.25-0.05 mm, aunque puntualmente se 
observó una fuerte repelencia en la fracción 0.25-0.05 mm del suelo bajo Rossmarinus 
calentado a 150 ºC. En contraposición, en los suelos sometidos a temperaturas por 
encima de 220 ºC, se destruyeron las características hidrófobas. 
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Influencia del fuego sobre las propiedades físico-químicas de los 
suelos en los Montes de Zuera (Zaragoza) 
C. Martí a*, J. Miranda b, D. Badia a, P. Ibarra b, M.T. Echeverria b, F. Pérez b, E. Usón a 
a. Escuela Politecnia Superior de Huesca; Ctra de Cuarte s/n 22071 Huesca, España. 
b. Departamento de Geografía y Ordenación del Territorio; c/Pedro Cerbuna, 12 50008 
Zaragoza, España. 
 
En agosto de 2008 en los Montes de Zuera-Castejon de Valdejasa; al NO de la ciudad 
de Zaragoza), tubo lugar un incendio forestal que afectó una extensión de 2500 has. 
ocupadas fundamentalmente por bosque de Pinus halepensis. 
Una de las consecuencias ambientales derivadas de un incendio forestal es la 
modificación de las propiedades fisicoquímicas del suelo. Para evaluar este efecto se 
han tomado 40 muestras de suelos (de una superficie de 20 x 20 cm), dentro del área de 
estudio (2200 ha): 20 de ellas afectadas por fuego con una alta severidad (quemadas) y 
20 de ellas no perturbadas por el fuego (control). Se han muestreado separadamente las 
cenizas (C), el horizonte orgánico (O) y los tres primeros centímetros del horizonte A 
del suelo (0-1 cm, 1-2 cm y 2-3 cm). Se ha determinado la estabilidad estructural de los 
agregados (%SAS) por tamizado en húmedo, el contenido de Carbono orgánico (Corg) 
y % de Nitrógeno total (Nt) por combustión seca con el analizador Variomax., los iones 
solubles y la CE (extracto 1:1), los iones de cambio (AcONH4), además del P asimilable 
(Olsen).  
El fuego forestal aporta una gruesa capa de cenizas que favorece el incremento 
significativo del Corgánico (55%) y el Ntotal (43%) en el horizonte orgánico O sin 
afectar significativamente al horizonte A. La CE, los iones solubles (Ca, Mg y K) así 
como el fósforo asimilable y el potasio de cambio aumentan significativamente en el 
primer cm del horizonte A.  
El elevado nivel orgánico de todas las muestras favorece que la estabilidad estructural 
de los agregados presente en todos los casos, valores muy altos (82-92%) y que este 
parámetro no se vea afectado ni por el fuego ni por la profundidad. 
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Soil water repellency from Mediterranean environments: a brief 
review of studies by Med_Soil Research Group 
L.M. Zavala a, b, A. Jordán a, b *, N. Bellinfante a, b, J. Gil a, c 
a. MED_Soil Research Group. http://grupo.us.es/medsoil 
b. Dpto. de Cristalografía, Mineralogía y Química Agrícola, Facultad de Química, Universidad 
de Sevilla, C/Profesor García González, 1, 41012, Sevilla, Spain. 
c. Dpto. de Química Agrícola y Edafología, Facultad de Ciencias, Universidad de Córdoba, 
Edificio Marie Curie, Campus de Rabanales, 14014, Córdoba, Spain. 
 
This contribution summarizes the more significant results achieved during recent years 
by Med_Soil Research Group dealing with fire-induced soil water repellency (SWR) 
and its effects on soil hydrological and erosive processes.  
It is accepted that SWR reduces soil infiltration rates, and enhances runoff and soil 
erosion rates. Water repellency has been studied with special interest in relationship 
with Mediterranean soils under vegetation types as coniferous and oak forests, 
heathlands and grassland. The persistence and intensity of water repellency, its 
relationships with environmental factors including (soil organic matter content, soil 
acidity, and texture) and seasonal variability has been approached in soils under 
different plant species in Mediterranean subhumid forested areas. In this case, most of 
soil samples collected under heathland showed extreme SWR, whereas soils under olive 
trees showed low or inexistent SWR. The organic matter content and acidity were 
highly correlated with water repellency in soils under pines, cork oaks and eucalyptus, 
while soils under heathland or olive trees showed poorer correlations. Persistence and 
intensity of SWR varied slightly between samples collected in winter and summer in 
soils under all species except under heathland. Water repellency persisted in most cases 
during the wet and dry season, and many soils showed strong water repellency even 
during winter. 
The hydrological response and erosional response of soils has been achieved by rainfall 
simulation studies under cork oak woodland, heathland, grassland, and cork oak/olive 
tree mixed forests in Southern Andalusia. Significant differences in the hydrological 
behavior of the studied vegetation types were observed after the rainfall simulations. 
Soils under woodland showed low runoff rates and coefficients, whereas the highest 
runoff rates were measured on the heathland and grass-covered parts of the hillslope. 
SWR clearly contributed to reduce infiltration rates (especially under the heathland), 
and seems to be the cause of fast ponding and runoff generation during the first stages 
of rainstorms. The patchy patterns of persistence and intensity of soil water repellency 
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is conditioned by the spatial distribution of the studied land uses, which dictate the 
intensity and persistence of soil water repellency, and modulated by other 
environmental factors. The vegetation effects on soil hydrology should be considered 
for afforestation work and flooding control. 
Changes in SWR and soil hydrological and erosional responses to rainfall at small-plot 
scale immediately following burning and one year later in a Mediterranean heathland in 
the area of the Strait of Gibraltar (southern Spain) have been studied. After an intense 
experimental fire, a homogeneous charred litter layer and ash-bed usually covers the 
mineral soil surface. This cover can stay stable on the soil surface during a short period 
until redistribution of charred litter and ashes by environmental agents. Water 
repellency at the exposed surface (litter and ashes) decreased considerably in relation 
with the litter layer properties before the fire. Significant differences were not detected 
between pre- and post-fire soil loss rates while a charred litter and thick ash layer were 
present on the ground surface. Runoff and erosion rates increase and time to ponding 
and runoff decrease when the charred litter and ash layers were artificially removed and 
the bare soil was exposed. Although wildfires increase soil erodibility, the trends 
observed in our studies suggest that this increased susceptibility to erosion from 
rainsplash processes may be limited to some degree while an intact ash and charred 
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Indicators of soil degradation due to fires under Atlantic climate 
conditions: an integration of in situ samples and satellite imagery 
S. Fernández*, R. Menéndez-Duarte, M.A. Álvarez García, C. Santín 
INDUROT- Natural Resources Institute, University of Oviedo, Spain. Campus de Mieres s/n. 33600, 
Mieres, Asturias. 
 
Forest fires in the southwestern Cantabrian Range are the main cause of soil erosion and 
land degradation. In order to accurate the prevention of risk associated to forest fires is 
very important to quantify the damages and monitoring their evolution. Nevertheless, 
under Atlantic climatic conditions regeneration of the vegetation cover occurs very fast 
and is very difficult to follow the evolution of damage over long periods of time. In 
former researches over forest fires and soil damages carried out by the present group, 
different method to quantify and tracking the soils damages caused by forest fires were 
designed. The main result of our research are: 1) methodology to mapping the 
susceptibility to soil erosion post fires (Fernández et al., 2005); 2) mapping and tracking 
the erosive statuses of burnt soils using satellite imagery (Marquínez et al., 2008); 3) 
mapping of superficial stoniness using radar imagery (Menéndez-Duarte et al., 2008); 4)  
measurements of rates of carbon transfer to soils from vegetation cover using vegetation 
indexes calculated form Landsat images (Fernandez et al., 2006), and 5) quantification 
of the erosion rates using radioisotopes as Cs 137(Menéndez-Duarte and Fernández, 
2009).  All these works have been developed in an experimental area located in the 
western part of the Cantabrian Range over quartzitic substrata and the results have not 
been extrapolated to other areas with different substrata. In this state of knowledge we 
have designed a project in collaboration with a multinational company (Solintec), which 
will be grantee to MICINN, and expect to develop during 2010-2012 period. The 
project try to ready different methods to monitoring the damages caused to soils by 
fires. These methods are based in the use of satellite imagery, field measures and 
sampling. The main aim is to develop indicators of soil properties status easily 
identifiable in the imageries and useful to monitoring the evolution of the soils damages 
post fire. In this way, we proposed to map the erosive statuses of the soils tacking as 
indicator the continuity and stoniness of the soil surface. Also we want made 
cartographic models to monitoring the hydric soil properties in relation to the frequency 
of fires. The measures of soil infiltration will be made using a Hood infiltrometer and 
humidity using TDR probe. The identification of areas with high rates of carbon 
transference from the biomass to soils will be made using together measurements of 
carbon and vegetation indexes (NDVI; fAPAR; LAI). These indexes will be calculated 
from the Landsat imageries. And at least we will try to quantify the soil erosion caused 
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by fires in experimental plots. The measures could be made using sediments tramps and 
topographic profilers. This quantification will be in landscapes units at two different 
scales: slopes and small river basins. 
We expect to obtain an automatic cartography about erosive status of soil; cartographic 
models of the soil water distribution in the landscape; automatic monitoring of the 
carbon transference patterns in relation to fires and rates of erosion post-fires. 
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Assessing post-fire nutrient losses on surface runoff – a pilot 
study in central Portugal 
R.S.V. Ferrerira*, J.M. Capela, M.A. Pols, M.A. Cerqueira, J.J. Keizer 
Centre for Environmental and Marine Studies (CESAM), Department of Environment and Planning, 
University of Aveiro, 3810-193 Aveiro, Portugal 
 
It is well known that fire-induced changes on vegetation cover and soil properties can 
enhance losses of water, soil, nutrients, organic matter and carbon from slope sections, 
especially during the earlier stages of the “window-of-disturbance” (e.g. Shakesby & 
Doerr, 2006). Such fire effects are apparently much better known at small spatial scales 
than at catchment scale, and more systematically studied regarding overland and stream 
flow than the associated transport of sediments and nutrients (Shakesby & Doerr, 2006). 
This is surely the case for Portugal, where few studies have quantified post-fire nutrient 
and organic matter losses beyond the slope scale. To address this knowledge gap for as 
far as nutrients are concerned, a PhD proposal (“FIRENUTS”) was submitted that, in 
close collaboration with the EROSFIRE-II project (PTDC/AGR-CFL/70968/2006), 
encompasses micro-plot to catchment-scale processes. The present work is a pilot-study 
for this PhD work program, with emphasis on processes at the scale of individual hill 
slopes. The main reason for this is that the selection of the study area was limited by the 
restricted number of wildfires in 2007. 
The study area is located in the Sever do Vouga municipality, with less than 100 ha of 
predominantly eucalypt stands that burnt during late summer 2007. Within this burnt 
area, four slope sections were selected as permanent study sites and pairs of unbounded 
slope-scale plots were installed on each slope. This area was also instrumented with an 
automated rainfall gauge and one accumulator rainfall gauge. The plots could only be 
installed in the field two months after the fire due to several logistic problems. Thus, the 
first rainfall events after the wildfire are not included on this study, although these were 
comparatively few due to considerably-below-average autumn rainfall. Plots’ runoff and 
gauges’ total rainfall were, in general, measured at weekly intervals until the end of 
May 2008. Simultaneously, surface runoff samples were collected only if there had been 
rain. All samples were analysed in the laboratory for pH and electric conductivity, and 
selected samples for nitrate and total phosphorous concentrations. 
The results suggest that fire effects in terms of electrical conductivity values and total 
phosphorous loads of runoff tend to be higher during the first few months after the 
wildfire. These parameters’ values appear to decrease markedly with time after the fire. 
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Nitrate loads present a similar pattern in relation to time after the fire, although more 
smoothly. In contrast, pH values do not evidence any clear time-since-fire pattern. 
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Nutrient leaching in heathland ecosystems under the influence of 
burning and nitrogen deposition  
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Vegazana s/n, E-24071 León, Spain. 
 
Heathland ecosystems are characterised by low levels of plant available nutrients (Aerts 
and Chapin, 2000). These nutrient-poor ecosystems are threatened by airbone nitrogen 
input because the competitive balance between species may be modified when 
availability of nitrogen increases. In this context, the use management tool as a grazing, 
burning or sod-cutting, could maintenance a low nutrient status and preserve heathland 
ecosystems (Härdtle et al., 2007). So, the aim of this study is to determine nutrient 
leaching (N and P) in relation to burning and current atmospheric nutrient loads.  
In June 2005 we selected three C. vulgaris heathlands sites (2-4 ha) at least 2.5 km 
apart. In each heathland site we placed four permanent plots (20 x 20 m) where the 
following treatments were carried out: control, burning, burning plus nitrogen addition 
and nitrogen addition. The added nitrogen was 5.6 kg ha-1 yr-1. Atmospheric nutrient 
deposition was analysed by means of bulk deposition samplers. Nutrient loss by 
leaching was determined by means of suction lysimeters (one per plot). Soil humidity 
and temperature were measured with a TDR technique. Samples were collected from 
May until October (soil is covered by snow the rest of the year) during the first and the 
second year after treatments. So in each plot, soil pH was determined immediately, and 
one and two years after treatments.  
Atmospheric deposition shows a great variability through the months of the year and is 
higher during the second year. Although the data shows low levels of nutrient 
deposition, P inputs were two twice that N input. Losses by nutrient leaching were 
similar for both nutrients and these losses are well correlated with rainfall. In a wet year 
losses are three times higher than during a dry year. When treatments were compared 
the higher ground water concentrations were found in the burnt plots. 
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Post-fire runoff and soil erosion at the micro-plot scale under 
simulated and natural rainfall conditions in north-central 
Portugal 
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Postfire erosion has been an important issue in recent years due to the increasing 
number of fires. Monitoring post-fire erosion in this study is part of the EROSFIRE 
project (POCI/AGR/60354/2004), funded by the Portuguese Foundation for Science and 
Technology (FCT). Overall, the project will evaluate the suitability of rainfall 
simulation experiments (RSE’s) to assess and model soil erosion hazard in recently 
burnt forest stands and, more specifically, commercial Bluegum plantations since it is 
the prevalent forest type in the north-central Portuguese hills and mountains. A total of 
six study sites were selected to carry out RSE’s at various intervals following wildfires. 
In addition, 24 plots of the same dimensions (0.28 m2) were established to monitor 
runoff and erosion as well as of 24 of unbounded, slope-scale plots under natural 
rainfall for a period of 24 months.  
The results will focus on the differences obtained for two neighbouring Bluegum stands 
during the first year following a wildfire in early July 2005. The main difference 
between the stands is their pre-fire land management, one site having been ploughed in 
downslope direction and the other lacking evidence of mechanical ground operations. 
Between September 2005 and July 2006, a total of 32 RSE’s were carried out using a 
portable simulator following the Cerdà et al. (1997) design. This was done in four field 
campaigns, each campaign involving two pairs of RSE’s at each site and each pair of 
RSE’s involving two rainfall intensities, 40-45 and 80-85 mm/hr on two adjacent plots. 
During the second half of September 2005, both sites were equipped with two pairs of 
neighbouring micro-plots, which were then monitored at weekly intervals till early 
October 2006. 
The RSE’s at both sites produced high runoff coefficients in September 2005 (median 
values of 60-70 %), which then decreased with time after fire, with higher rates on the 
ploughed site. The sediment losses produced by the RSE’s also tended to decrease with 
time after fire but the most interesting observation was the contrast between a few high 
(80-100 g m-2) versus mostly low values (< 20 g m-2). These high losses all occurred 
during the first two study periods, i.e. in September and November 2005. Like the 
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RSE’s, the erosion plots revealed variable runoff and erosion though time, with some 
effect of soil water repellency. Overall differences between the two sites were relatively 
minor, with median runoff coefficients over the entire 12-month period of about 25 % 
and corresponding sediment losses of 50-55 g m-2. 
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de suelos forestales bajo Pinus pinaster en Galicia 
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La repelencia al agua es una propiedad muy extendida en los suelos forestales del NO 
de España, particularmente severa en condiciones secas y que puede verse intensificada 
como consecuencia del calentamiento del suelo tras un incendio forestal. La repelencia 
al agua inducida o favorecida por el fuego se considera como una de las principales 
causas del incremento de la escorrentía superficial y la erosión acelerada del suelo en las 
áreas quemadas. 
En este trabajo se examina la severidad  natural de la repelencia al agua en suelos 
forestales de Galicia con diferentes texturas bajo Pinus Pinaster y se analiza el efecto de 
un incendio forestal localizado en un área con sustrato granítico y vegetación de Pinus 
Pinaster sobre la severidad y persistencia de la repelencia al agua del suelo. En el área 
quemada se identificaron zonas con diferente severidad del fuego por lo que el objetivo 
principal del trabajo fue estudiar el impacto a corto y medio plazo de la severidad del 
incendio en los niveles de repelencia al agua desde la superficie del suelo hasta los 40 
cm de profundidad y compararlo con la severidad del área no quemada.  
La persistencia de la repelencia al agua de las muestras de suelo se determinó mediante 
el “test del tiempo de penetración de la gota de agua” (WDPT) y el grado de repelencia 
con el test del porcentaje de etanol (MED).  
El grado y la persistencia de la repelencia al agua es extraordinariamente elevada en la 
superficie (0-5 cm) de los suelos forestales del NO de España  bajo Pinus pinaster 
muestreados durante el periodo estival. El 82% de las muestras de suelo presentan una 
repelencia extrema y solamente el 6% son no repelentes al agua. Los suelos de texturas 
más gruesas presentan una mayor severidad de la repelencia al agua que los suelos de 
texturas más finas. Todas las muestras de suelo con texturas gruesas son repelentes al 
agua, siendo la repelencia extrema en el 94% de ellas con el método WDPT y en el 88% 
con el método MED. En cambio, el 13% de las muestras de suelo de texturas más finas 
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no son repelentes al agua y solo un 69% (con WDPT) ó 75% (con MED) de las 
muestras presentan una repelencia extrema.  
El calentamiento del suelo en condiciones controladas de laboratorio muestra la fuerte 
dependencia de la repelencia al agua con la temperatura y con los niveles iniciales de 
repelencia que presentan los suelos, observándose que para un tiempo de calentamiento 
de 30 min en el intervalo 25-170ºC la repelencia al agua aumenta sensiblemente en 
suelos inicialmente poco repelentes y se mantiene el mismo grado de repelencia en 
suelos con una repelencia inicialmente extrema. La repelencia alcanza los valores 
máximos entre 220 y 240ºC y se destruye a 280ºC.  
La severidad del incendio condiciona la persistencia y el espesor de la capa hidrofóbica 
en las zonas quemadas. Tras el paso del fuego, en la zona de severidad del incendio 
baja, no se observan diferencias significativas en la repelencia al agua con respecto la 
zona no quemada, manteniéndose una repelencia entre severa y extrema hasta 10 cm de 
profundidad, mientras que en la zona de severidad del fuego medio-alta la repelencia al 
agua se destruye en los primeros 2 cm pero se intensifica en profundidad, siendo 
extrema entre 2 y 20 cm. Quince meses después del fuego, tanto la zona no quemada 
como las zonas quemadas muestran repelencia al agua en todo el perfil muestreado (0-
40 cm) manteniéndose sin embargo en la zona quemada de severidad del fuego media-
alta, una menor repelencia al agua  en la superficie del suelo y más persistente entre 2 y 
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Nivel de erosión vs. variables bio y geomorfológicas tras el fuego 
J.R. Ruiz-Gallardo a*, A. Valdés b, S. Castaño a 
a. Sección de Teledetección y SIG, IDR, Universidad de Castilla-La Mancha, 02071 Albacete, 
Spain. 
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El nivel de erosión que sufren las áreas quemadas tras los incendios varía en función de 
múltiples parámetros. Entre ellos, la severidad del fuego, que describe el impacto de 
éste sobre la vegetación. Se relaciona, por tanto, con la capacidad del medio para 
recuperarse ya que afecta a la cantidad de semillas y órganos resistentes que puedan 
quedar tras el paso de las llamas, menor a mayor severidad (Ryan, 2002). La pendiente, 
que aumenta la fuerza de la escorrentía superficial, facilitando el arrastre del suelo, y 
dificulta el asentamiento de las semillas (García-Fayos et al., 2000). La orientación, 
cuya influencia en el microclima es básica en zonas áridas (Pierson et al., 2002). 
Finalmente, el tipo de regenerado tras el fuego, proporción de herbáceas y leñosas. 
Para comprobar la influencia de cada uno de esos parámetros, se ha realizado la 
inspección en campo de 85 parcelas, estimando su severidad de fuego, su orientación y 
su pendiente, la proporción y tipo de regenerado y el nivel de erosión, años después de 
producirse el incendio. Con todo ello, se ha realizado un análisis estadístico, 
encontrando fuerte correlación entre algunas de las variables, que podrían ayudar a 
modelizar el comportamiento. 
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Exploración del ajuste entre indicadores visuales de severidad del 
fuego y cambios en parámetros edáficos seleccionados 
T. Fonturbel Lliteras*, J.A. Vega Hidalgo, C. Fernández Filgueira, P. Pérez-Gorostiaga 
Rivero, E. Jiménez Carmona 
Centro de Investigación Forestal de Lourizán. Apdo 127. 36080. Pontevedra, España. 
 
Introducción 
Uno de los problemas medioambientales más graves que afectan a los ecosistemas 
forestales de nuestro país es el de los incendios forestales. Las alteraciones que éstos 
producen en componentes clave del ecosistema, como son las propiedades edáficas, 
dependen en gran medida de la severidad del fuego (Certini, 2005; Neary et al., 2005).  
Para valorar el nivel de perturbación producido por los incendios han sido propuestos 
diversos indicadores de severidad del fuego. Estos están basados en cambios, 
principalmente visuales, sufridos por la vegetación y el suelo como consecuencia del 
fuego. Entre los indicadores de perturbación del suelo, uno de los más utilizados es el 
propuesto por Ryan y Noste (1985) y ampliado posteriormente por Neary et al. (2005). 
Se basa en una clasificación en tres categorías de severidad, que son función del grado 
de consunción de la cubierta orgánica del suelo, el nivel de deposición de ceniza y los 
cambios de color del suelo. Esta información de campo resulta sencilla de medir e 
intuitiva, pero es preciso confirmar su operatitividad explorando su relación con 
cambios cuantificables en las propiedades del ecosistema. En este estudio se analiza la 
relación entre el indicador de severidad de Ryan y Noste (1985), modificado y ampliado 
a cinco categorías, con algunos parámetros químicos y microbiológicos que 
habitualmente muestran cambios en relación a la severidad del fuego (Certini, 2005; 
Neary et al., 2005).  
Metodología 
Se seleccionaron varios incendios ocurridos en Galicia en zonas representativas de áreas 
de pinar y matorral quemados. En cada uno de ellos, se instalaron varias parcelas de 60 
x 60 m en las que se dispusieron varios transectos paralelos. Se midió el espesor de la 
cubierta orgánica remanente y la profundidad de afectación del suelo mineral en cuanto 
a cambio de color, estructura, nivel de carbonización del mantillo, presencia o no de 
ceniza, consunción de materia orgánica, etc. En base a esta información se clasificó esa 
afectación en cinco niveles de severidad (Tabla 1) y se calculó el porcentaje de cada 
severidad que estaba representado en cada una de las parcelas.  
                                                 




Tabla 1. Niveles de severidad del fuego en el suelo, según el criterio de Ryan & Noste (1985) modificado. 
Nivel de 
severidad 
Mantillo Suelo mineral 
1 Intacto. No alterado. 
2 Carbonizado parcialmente. No alterado. 
3 No queda residuo carbonizado. 
Puede haber ceniza. 
No alterado. 
4 No queda residuo carbonizado. 
Capa gruesa de ceniza. 
Suelo de color grisáceo, materia 
orgánica consumida. 
5 No queda residuo carbonizado. 
 
Suelo de color rojizo, materia 
orgánica consumida, complejo 
arcilla-humus alterado. 
 
Además, se instaló una parcela testigo en cada incendio, en un sitio no perturbado de 
características semejantes a los afectados por el incendio, que sirvió para caracterizar la 
situación de partida y correspondió al nivel 0 de severidad. 
Inmediatamente después del incendio, en cada una de las parcelas se tomaron 6-10 
submuestras del suelo mineral (0 - 5 cm) de cada nivel de severidad con cuadrados de 
15 cm x 20 cm, mezclándose hasta obtener una compuesta para efectuar los análisis de 
laboratorio. Se realizaron las siguientes determinaciones: pH, contenido total de: C, S y 
N (por combustión de la muestra en analizador elemental), medida de la respiración y 
biomasa microbiana, ésta última, mediante el método de respiración inducida por un 
sustrato y determinación de la actividad enzimática de la fosfatasa. 
Resumen y conclusiones 
La severidad del incendio es un factor clave para evaluar la magnitud del impacto y 
orientar posibles medidas de rehabilitación. Para determinar los niveles de severidad del 
fuego en el suelo producidos por varios incendios en Galicia, se ha utilizado el 
indicador propuesto por Ryan y Noste (1985) basado en signos visuales de perturbación 
de la cubierta orgánica muerta del suelo, nivel de deposición de cenizas y alteraciones 
de color del suelo. Asimismo, en esos suelos quemados se evaluó la magnitud de los 
cambios en el pH, concentración de C, N y S total, actividad de la fosfatasa ácida y 
respiración y biomasa microbiana del suelo mineral (0-5 cm). Se observaron 
disminuciones de la concentración de C, S y N, actividad de la fosfatasa ácida y 
respiración y biomasa microbiana, así como incrementos en el pH en los suelos 
quemados, cambios que estuvieron relacionados con el grado de severidad sufrido por el 
suelo. Esto confirma que el indicador de severidad visual utilizado parece recoger bien 
la tipología de las situaciones observadas, constituyendo una herramienta de 
relativamente fácil aplicación y, por tanto, de utilidad para la gestión post-incendio. 
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An alternative method to quantify inorganic carbon from 
vegetative ash 
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Hernandez, Elche (Alicante), Spain. 
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Very little is known about the amount and properties of carbon contained in ash from 
vegetation fires. Ash contains carbon that can be stored in the soil in a more recalcitrant 
form González-Pérez et al. (2004) In addition, the organic carbon on ash seems to be 
related to its water repellency Bodí et al. (2009) and the inorganic part contains 
nutrients in form of carbonates that will be incorporated into the soil. In this experiment 
we measured (i) the total carbon of ash from 5 different wildfires of variable severity 
and ash created in the laboratory at different temperatures (n=60) (ii) and the inorganic 
carbon to establish both organic and inorganic carbon contents. The organic carbon 
content in ash is difficult to measure directly, due to it being presented in various forms, 
ranging from slightly charred remains to recalcitrant black carbon.  
We compared different methodologies to assess the carbonate content in ash but the 
conventional method used for soils with the Bernard calcimeter showed poorly 
reproducible results for ash. This was probably due to the low reaction speed of some 
ash carbonates, which did not allow the calcimeter to settle. We therefore applied an 
alternative methodology also used for inorganic soil carbon determination (MAPA, 
1994). This involves adding HCl in excess to react with carbonates and assessing the 
remaining HCl with a titration using NaOH and a pH colour indicator. This method 
appeared  more appropriate because values obtained were more reproducible and similar 
to the ones obtained after adding HCl, filtering the sample and comparing the weight 
differences. In our samples, the percentage of inorganic carbon was relatively low 
(≤4.6%) compared to the organic carbon content (40-60%). The proportion of inorganic 
carbon increased as total carbon decreased, probably due to increased combustion 
temperatures, yet inorganic carbon was never higher than organic carbon. Using this 
alternative method, that we proposed to be called “Determination of carbonate content 
in ash by titration of non-reacted HCl”, it has proven to be more reliable for quantifying 
inorganic carbon (carbonates) in ash from vegetation fires.  
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Movilidad del suelo y del carbono edáfico en laderas naturales de 
la vertiente norte de la cordillera cantábrica (Proyecto PCTI IB09-
024) 
R. Menéndez, C. Santín*, S. Menéndez, M.A. Álvarez 
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En condiciones climáticas atlánticas, como la vertiente norte de la Cordillera 
Cantábrica, la transferencia de sedimentos desde las vertientes a los fondos de valles se 
produce principalmente, en condiciones normales, por procesos de reptación (lento 
movimiento de material, regolito o suelo, producido por un conjunto de procesos como 
movimientos de flujo, expansión contracción por cambios de humedad y ciclos de hielo-
deshielo y colapso de detritos por meteorización).  
Con la reptación del suelo, una gran parte del carbono orgánico se redistribuye en esos 
mismos suelos, en función de la topografía, mientras que otra parte es transferida a los 
ecosistemas acuáticos. La relación entre acumulación de carbono orgánico, 
redistribución del suelo y variables topográficas permite realizar modelos y mapas de 
distribución del carbono edáfico. Además, en el proceso de redistribución de suelo, las 
distintas formas de carbono presentan comportamientos diferentes entre si y, es de 
esperar que, para diferentes tipos de cubierta vegetal y en áreas afectadas o no por 
incendios forestarles, tanto la cantidad como la composición de carbono orgánico 
edáfico varíen y así también su comportamiento en el contexto de redistribución. 
Los objetivos principales a desarrollar en este proyecto que comenzamos ahora son: 
1) Obtener datos cuantitativos sobre tasas de reptación del suelo en laderas 
naturales de la Cordillera Cantábrica y conocer las condiciones en las que este 
proceso geomorfológico es más activo. La cuantificación se realizará con 
trazadores como el 137Cs o el 210Pb y se ensayará la datación de depósitos de 
reptación. 
2) Aumentar el conocimiento sobre el carbono edáfico acumulado en diferentes 
tipos de suelos y estudiar la redistribución de este carbono en las laderas, con 
apoyo de los datos obtenidos en relación con la redistribución de suelo por 
procesos de reptación superficial. No sólo se estudiará la acumulación total de 
carbono orgánico sino la tipología del mismo. La caracterización de la materia 
orgánica edáfica se realizará mediante análisis termogravimetríco acoplado a 
calorimetría diferencial. 
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El área de estudio es el Parque Natural de Somiedo, que presenta un fuerte relieve, un 
substrato geológico muy variado y una cubierta vegetal también variada. Estas 
características nos permiten diseñar un muestreo que considera un elevado número de 
variables: geológicas (litología del sustrato, presencia de formaciones superficiales o 
suelos), de vegetación (diferentes tipos de vegetación) y de relieve (pendientes, altitud o 
morfología de las vertientes). Por otra parte, el manejo del territorio con fuego en la 
zona ha sido y es muy importante, por lo que la incidencia de los incendios en los 
procesos estudiados ha de ser tenida en cuenta. La influencia de los incendios ha de ser 
considerada tanto para estudiar e interpretar las tasas de reptación del suelo, como para 
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Ash color CaCO3 content as methods of burning severity 
classification 
P. Pereira a,b*, X. Úbeda a, D. Martin c, A. Miguel a 
a. GRAM (Mediterranean Environment Research Group), Department of Physical Geography 
and Regional Geographical Analysis, University of Barcelona, C/ Montalegre, 6, Catalunya.  
b. Department of Environmental Policy and Management, Mykolas Romeris University, 
Ateites st, 20, LT-08303 Vilnius, Lithuania.  
c. USGS, 3215 Marine Street, Boulder, Colorado, USA. 
 
Ash colour is widely used technique to estimate burning severity. Normally, the 
presence of gray/white colours is an indicator of severe burn. Ash properties changes 
with temperature and burned specie. After a wildfire, the temperatures produced and the 
diversity of affected species will produce a heterogeneous mosaic of severities, because 
each species respond differently to similar burning temperatures. Also, CaCO3 ash 
content is evidence of high burning severity and as ash colour; their content is different 
according to burning temperature and affected specie. The aim of this work is based on 
the colour and CaCO3 content of the ash produced in laboratory conditions, throughout 
a temperature gradient, (150, 200, 250, 300, 350, 400, 450, 500 and 550ºC) classify the 
burning severity of two plots affected by wildfires in Portugal, composed by Pinus 
pinaster and Quercus suber trees. The samples of both species to laboratory fire 
simulations were collected near lagoa de Albufeira (Lat 38º31’N, Lon 09º 08’ W) and 
the real ash were collected nearby this plot in two different stands, Quinta do Conde 
(Lat 38º34’N, Lon 09º02’ W) and Casal do Sapo (Lat 38º 33’, Lon 09º03’). The 
wildfires occurred in forest with very similar plant composition and structure with the 
area where samples for laboratory fire simulations were collected. Ash colour was 
identified with the Munsell color chart and CaCO3 content with the Bernard’s 
calcimeter. The results showed that at 150ºC “ash” showed a yellowish colour, became 
reddish at 200-250ºC for Pinus pinaster and only in the first temperature to Quercus 
suber. At 250-300ºC for Quercus suber and 300ºC for Pinus pinaster, present a black 
color and at 350-400ºC are dark gray for Pinus and only in the first temperature for 
Quercus suber. The major differences are observed after the 450ºC, where the ash 
produced from Quercus are light gray and from Pinus are white. CaCO3 was identified 
at 350ºC in both species, however the contents in Pinus pinaster were always higher at 
all temperatures than in Quercus suber. In Quinta do Conde (N=30) the great part of the 
ash colour was black (46.66%) (chroma value 2.1), followed by very dark gray 
(26.66%) (chroma value 3.1) and very dark brown (chroma value 2.2) and dark gray 
(chroma value 4.1) with 13.33%. On average the ash contains 6.56% of CaCO3. In 
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Casal do Sapo (N=40) the colour most common of the ash was dark gray (52.50%) 
(chroma value 4.1), followed by very dark gray (17.5%) (chroma value 3.1) and black 
(chroma value 2.1) and light gray (chroma value 6.1 and 7.2) with 10% each one. The 
mean content of % of ash CaCO3 was 19.16%. According the ash colour we observed 
that in Quinta do Conde plot that 70% of the area was affected by a medium severity, 
17% for a medium/high severity and 13% for a reduced severity. In Casal do Sapo 
52.5% of the interest area was affected by a medium/high severity, 27.5% by a medium 
severity and 20% by a high severity. The relations between ash chroma value and 
CaCO3 content are very positive in laboratory simulations and in the ash collected from 
wildfires. The temperatures occurred in Quinta do Conde plot were not higher than 
400ºC and in Casal do Sapo were always superiors to 350-400ºC and in some parts can 
reached temperatures of 500-550ºC. In both plots the higher severities were identified in 
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Wildfire effects on ash water soluble elements in a Quercus suber 
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One of the most visible effects of fires in the landscape is the presence of ash. His 
properties are very variable according to burning temperature and specie affected. Also, 
the available nutrients to landscape recover after a fire is contained in ash. Hence, it is 
of major importance study the type and amount of ash water soluble elements in order 
to evaluate the effects these ions in soil solution and availability to plant growth. The 
aim of this study is study the effects of a wildfire occurred in ash elements release 
Calcium (Ca2+), Magnesium (Mg2+), Sodium (Na+), Potassium (K+), Aluminum (Al3+), 
Manganese (Mn2+), Iron (Fe2+), Zinc (Zn2+), Phosphorous (P), Silica (SiO2) and Sulfur 
(S) in a Quercus suber and Pinus pinaster stand located in Portugal. Forty samples of 
ash were collected in the burned area and twenty five of litter as control plot near 
burned area in order to observe the effects of fire in water soluble elements. The results 
showed that the fire induced a significant increase of Ca2+ (p<0.001), Mg2+ (p<0.001), 
Na+ (p<0.001), K+ (p<0.001), SiO2 (p<0.001) and S (p<0.001) and a significant 
decrease in Al3+ (p<0.001), Mn2+ (p<0.001), Fe2+ (p<0.001) and Zn2+ (p<0.001). In P 
we identified a non-significant decrease at a p<0.05. Principal Component Analysis 
(PCA) of all variables grouped water soluble elements in three distinct groups. First, 
highly affected (Ca2+, Mg2+, Na+, SiO2 and S), moderately and non affected (K
+, P) and 
negatively affected (Al3+, Mn2+, Fe2+ and Zn2+). The wildfire induced also a greater 
variability in the release of these elements.  The behavior of water soluble ions is related 
with the ash pH and CaCO3 content. Further discussions will be made about these 
issues. 
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Uso de la espectroscopia NIR para estimar la intensidad del fuego 
en un suelo quemado 
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Universidad Miguel Hernández. Avenida de la Universidad s/n, 03202-Elche, Alicante, 
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b. Universidade de Coimbra, Apartado 10131, 3030 Coimbra, Portugal. 
c. CESAM Departamento de Ambiente e Ordenamento, Universidade de Aveiro, 3810-193 Aveiro, 
Portugal. 
 
Uno de los principales factores que controla los efectos de los incendios forestales en el 
suelo es la intensidad del fuego. Mediante la espectroscopia en el infrarrojo cercano 
(NIR), ha sido posible desarrollar modelos capaces de estimar la temperatura máxima 
alcanzada en suelos quemados (Guerrero et al., 2007; Arcenegui et al., 2008). Otro 
factor de gran relevancia es el tiempo que permanece el suelo a una determinada 
temperatura, dado que los cambios en las propiedades edáficas pueden ser diferentes 
dependiendo del tiempo de residencia del calor. Este dato también nos podría ser muy 
útil a la hora de evaluar los efectos del fuego en el suelo y establecer, si es necesario, 
medidas de recuperación.  
Hemos estudiado el uso de la espectroscopia NIR, para tratar de desarrollar modelos 
capaces de predecir el tiempo que permanece un suelo por encima de una temperatura, 
así como modelos para predecir la temperatura máxima alcanzada en un suelo.  
Se realizaron quemas controladas en laboratorio monitorizando con termopares y data-
loggers la evolución temporal de las temperaturas registradas en el suelo. Muestras de 
dos tipos de suelo se calentaron a 10 temperaturas diferentes (70 ºC, 100 ºC, 200 ºC, 
300 ºC, 350 ºC, 400 ºC, 500 ºC, 550 ºC, 600 ºC y 700 ºC) y 8 tiempos de calentamiento 
(5’, 10’, 15’, 20’, 30’, 40’, 50’ y 60’) y posteriormente se obtuvieron los espectros NIR. 
Para obtener los modelos de tiempo, se relacionó mediante regresiones PLS (partial 
least squares), el espectro NIR con el tiempo que cada muestra había estado por encima 
de diferentes temperaturas (70 ºC, 100 ºC, 200 ºC, 250 ºC, 300 ºC, 400 ºC y 500 ºC), 
obteniendo finalmente 7 modelos para cada tipo de suelo. En el caso de los modelos 
para estimar la temperatura máxima, se relacionó el espectro NIR con la temperatura 
máxima alcanzada en cada muestra, obteniendo un modelo para cada suelo. 
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Los modelos para estimar la temperatura máxima alcanzada en ambos suelos mostraron 
resultados satisfactorios con valores de r2 de 0.848 y 0.906 y errores de 39.2 ºC y 39.4 
ºC. 
En relación a los modelos para estimar el tiempo que una muestra permanece por 
encima de una temperatura, los modelos construidos para temperaturas bajas y altas 
mostraron diferencias. A medida que aumentaba la temperatura, se observó un 
incremento de la r2, siendo de 0.717 y 0.737 para los modelos que estiman el tiempo que 
una muestra está por encima de 70 ºC y de 0.868 y 0.939 para los que estiman el tiempo 
que una muestra está por encima de 500 ºC. Debido a estas diferencias, se realizó un 
estudio preliminar, con pocas muestras, en el que se obtuvieron modelos similares, 
construidos con muestras quemadas a una misma temperatura y diferentes tiempos. De 
esta manera todos los modelos mejoraron considerablemente, obteniendo, por ejemplo, 
valores de r2 de entre 0.853 y 0.993 para modelos que estiman el tiempo que una 
muestra ha estado por encima de 70ºC, 0.9605 y 0.9442 para modelos que estiman el 
tiempo que una muestra ha estado por encima de 300 ºC y 0.9926 y 0.9902 para los que 
lo estiman por encima de 500 ºC 
Estos resultados son preliminares y es necesario realizar más calibraciones con 
diferentes tipos de suelos e incluyendo un mayor número de muestras, para construir 
modelos más robustos y fiables. Sin embargo, estos resultados nos indican que es 
posible estimar el tiempo de residencia de determinadas temperaturas mediante el uso 
de la espectroscopia NIR.  
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Papel de la madera quemada en la recuperación de la fertilidad 
del suelo tras incendios forestales 
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El tratamiento forestal de la madera quemada tradicionalmente aplicado por la 
administración tras un incendio es la extracción intensiva, consistente en el corte y 
retirada de la madera de la zona afectada. Sin embargo, los restos de madera tras un 
incendio pueden desempeñar un papel en la recuperación de la fertilidad del suelo, ya 
que contienen gran cantidad de nutrientes que son liberados de forma lenta y progresiva 
en el proceso de descomposición. En este trabajo analizamos la fertilidad del suelo en 
presencia o ausencia de madera quemada en repoblaciones de pino afectadas por un 
incendio ocurrido en 2005 en Sierra Nevada (Parque Nacional y Natural). Tras el 
incendio se establecieron cuatro parcelas de muestreo a lo largo de un gradiente 
altitudinal. En cada una de ellas se dispusieron restos de madera quemada (troncos 
cortados a 75 cm de longitud) en el suelo. Tras 2 años se tomaron muestras de suelo (0-
10 cm de profundidad) en puntos localizados bajo los troncos y en puntos sin restos de 
madera. A estas muestras se les analizó el contenido en materia orgánica, C total, N 
total, P disponible, NO3
- y NH4
+. Además, con objeto de determinar la tasa de 
descomposición de la madera a lo largo del gradiente altitudinal, se obtuvo la pérdida de 
peso sufrida por la madera tras 2 años de descomposición en el terreno. El contenido del 
suelo en materia orgánica, C total, N total, P disponible, NO3
- y pH fue mayor bajo 
restos de madera quemada a lo largo de todo el gradiente altitudinal, lo que indica una 
mejora de las condiciones edáficas favorecida por la presencia de restos de madera 
sobre el suelo. 
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Effects of a medium-high severity wildland fire in Quercus suber 
and Pinus pinaster mortality; one year after 
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and Regional Geographical Analysis, University of Barcelona, C/ Montalegre, 6, Catalunya.  
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Ateites st, 20, LT-08303 Vilnius, Lithuania.  
 
Fire temperatures can induce tree mortality. However in Mediterranean ecosystems, 
plants are well adapted to fire effects and many have the capacity of resprouting and 
others have an evasive strategy. Trees can support fire temperatures especially due the 
bark that insulates their vital organs from temperatures. The aim of this work is study 
the effects of a medium- high severity wildfire occurred in Portugal in Quercus suber 
(resprouter) and Pinus pinaster (seeder) mortality and bark thickness. The wildfire 
affected ± 40ha and scorched a great part of the analysed trees, especially Quercus. We 
measured the Diameter at Breast Height (DBH) at 1.30 m, bark thickness (four 
measurements in each tree), with bark gauge, and height with a clinometer (except when 
the top was reached easily), of 202 trees (100 Quercus suber and 102 Pinus pinaster) 
unburned trees located in the perimeter of burned area, as control plot. All Quercus 
suber trees were not stripped. Inside the burned area we measured all the mentioned 
variables, plus the mortality of 212 trees (102 Quercus suber and 110 Pinus pinaster). 
In the case of Quercus suber, if they resprout, we observed the diameter and height of 
their new branches (400 samples). In order to make a better comparison, the bark 
thickness was subtracted from the DBH, to give the DBH without bark. The results 
showed that in burned and unburned samples, DBH had a very good correlation with 
bark thickness. r= 0.82, p<0.001 and r= 0.77, p>0.001 for unburned and burned Quercus 
suber. r= 0.54 and p<0.001, r=0.62, p<0.001, for unburned and burned Pinus pinaster. 
96% of all burned Quercus suber analysed survived to fire and all the alived trees 
resprouted vigorously from the stem. In control area, the tree mean bark thickness was 
3.61 cm (±1.33) and in burned area of 3.01 cm (±1.03), different significantly at a p> 
0.001. The mean diameter of the new branches was 3.86 cm (±1.53) and the height was 
84.57 cm (±28.70). The mean bark thickness of alive Quercus suber trees was 3.07 (± 
0.97) and from dead trees was 1.00 (±0.26) different significantly at a p> 0.001. The 
mean of DAP from alive trees was 44.51(±23.93) and from dead Quercus suber of 
16.63 (±5.13) different significantly at a p>0.05. In relation to Pinus pinaster, 60.90% 
of the trees survived (not totally scorched). In control plot the mean bark thickness was 
4.35 cm (±0.96) and in burned area was 3.41 cm (±0.89) different significantly at a p> 
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0.00000000001. The mean bark thickness of alived trees was 3.87 cm (±0.81) and of 
dead trees was 2.89 cm (±0.69) different significantly at a p> 0.000000001. The average 
of DAP from survived trees was 93.01 (±16.45) and from dead trees 78.30 (±18.42) 
significantly different at a p> 0.0001. Beside the significant impacts of fire in Quercus 
suber bark thickness, great part of trees survived due the low bark flammability. 
However, samples with lower bark thickness and DAP died, probably because the lower 
protection of their vital organs. The bark thickness of Pinus pinaster was higher than 
Quercus suber bark in control and burned plot. Beside the significant differences 
observed between bark thickness of control plot and burned plot, the fire did not 
consume “enough bark” to kill Pinus pinaster trees. Also, the bark was very thick and 
this could be a reason why many trees survived. Only Pinus pinasters with small DAP 
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The effectiveness of forest residue mulching in reducing overland 
flow generation and soil losses following wildfire in north-central 
Portugal 
S.A. Prats a *, A. Pinheiro a, C.O.A. Coelho a, A.J.D. Ferreira b, J.J. Keizer a 
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Intervention on soil surface immediately after forest fires may protect the soil against 
the erosive action of the rainfall events. Unfortunately, there are a big uncertainty about 
the strategy to select successfully the prior areas and the soil treatments. This study aims 
to check the effectiveness of two strategies in two different scenarios, by measuring 
hydrologic and erosive response in several control and treated plots. 
Soil mobilization after forest fires happen, in sub-humid regions, during the fist autumn 
rainfall events, therefore sediment and nutrient exportation typically occurs in the first 4 
months after fire.  
The study area is located 25-30 km of Aveiro, (Portugal) (UTM: 
40º43´05´´N;8º21´15´´W). Two different sites were selected: one Eucalyptus globulus 
Labill. plantation (slope 30º; high fire severity) and a Pinus pinaster Aiton. forest (slope 
25º; moderate fire severity). The mean annual rainfall is 1546,9 mm and the altitude is 
about 100m.s.l. Soil's hydrological and erosive response were monitored during eight 
weeks, with some rainfall events before the interventions. In December 2007,  a 
treatment of chopped eucalypt bark mulch (T2) was scattered on four of the eight plots 
on the burned eucalyptus site, and materials from the adjacent clear-cut areas (big 
stems, leaves and barks; T1) was applied on two of the pine site plots.  
Runoff water, soil water repellency, soil moisture, soil infiltration capability, and soil 
surface cover were measured, on the field, at weekly intervals. Sediment loss and 
organic matter content were determined on the laboratory.  
The results indicate that the chopped eucalypt bark mulch reduces both overland flow 
and erosion in 44% and 89%, respectively. The stem mulch had no significant impact 
on the erosive and hydrological response of the pine plots.  
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The factors that controlled soil erosion were fire severity, soil cover and rain intensity, 
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Comparing changes after fire with inter-annual variability in the 
top soil of Quercus pyrenaica forests (NW Spain) 
R. Tárrega*, S. García-Tejero, A. Taboada, J.M. Salgado, E. Marcos 
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Ambientales. Universidad de León. 24071 León, España. 
 
When analysing post-fire recovery it is important to take into account the successional 
changes, but also the changes due to the inter-annual variability. This variability is 
particularly important in the Mediterranean ecosystems, characterised by irregular and 
unpredictable climate, and increasingly meaningful in the present context of climate 
change. In this way, the aim of this work was to assess the changes in the top soil 
properties during the post-fire recovery process after a wildfire in a Quercus pyrenaica 
forest and to compare these changes with the inter-annual variability occurring in 
unburned forests. 
After a wildfire that took place in May 2006 burning a surface of 8.5 Ha, we established 
four plots separated a minimum of 200 m from each other, in the burned forest. Four 
control plots were placed in two unburned oak forests that surrounded the burned area. 
Five sub-samples of the top soil, 10 m apart, were taken from the first 5 cm of soil in 
each plot, and were homogenised to obtain a uniform sample. Sampling was carried out 
in September 2006, 2007 and 2008. Soil samples were air-dried and passed through a 2 
mm mesh sieve for later analyses. Soil pH, organic matter content, total nitrogen, C/N 
ratio and available phosphorous, calcium, potassium, magnesium and sodium were 
determined in each sample.  
When the values of soil properties were compared by repeated measures ANOVA, no 
significant differences were detected between control and burned plots, but differences 
among years were significant for some variables (e.g. pH). There was also interaction 
between plot and sampling year (e.g. for organic matter or total nitrogen). However, the 
trends were not equal for all the variables, some of them showing more changes in the 
control plots (inter-annual variability) and other in the burned ones (successional 
changes or/and inter-annual variability). 
Although the great variability among replicates prevents to detect differences between 
plots when comparing each variable, the global analysis of all of them by PCA, 
separately for each sampling year, allowed to distinguish burned and control samples. 
However, when the results of all three years were considered together, no clear 
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Assessment of seed bank composition and viability following 
wildfire and post-fire land management  
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It is well-established that wildfire can have a major impact on vegetation cover and 
composition, both directly by (partial) consumption of especially the above-ground 
biomass and indirectly through its effects on resprouting organs and/or the local 
seedbank and thereby post-fire recovery. The present work focuses on the role of the 
seedbank. Its overall aim is to compare the two methods that are most commonly used 
for assessing seedbank composition and, as such, is intended as a pilot-study for the 
ongoing PhD study by the second author, funded by the Portuguese Science and 
Technology Foundation (FCT; SFRH/BD/42168/2007). More specifically, the two 
methods are employed to determine the differences between the seedbank of a recently 
burnt forest stand and that of an adjacent, recently burnt and recently ploughed forest 
stand.  
In seedbank analysis, the so-called direct method involves the counting of the seeds 
present in a litter and/or soil sample whereas the so-called indirect method involves the 
counting of the plants germinating from a litter and/or soil sample. The direct method 
usually overestimates the number of seeds in the soil since unviable seeds may be 
difficult to distinguish from viable ones by direct observation alone (Thompson et al., 
1997). Compared with the very labour-intensive direct method, the indirect method is 
more easily carried out and also facilitates identification of species. Furthermore, it 
provides information about the response of the seeds in the soil after fire (Valbuena & 
Trabaud, 1995). A disadvantage, on the other hand, is that its results may be influenced 
by seed dormancy, also because fire does not necessarily break the dormancy of all 
seeds (Ferrandis et al., 1999). 
The topsoil of the ploughed area contained a lower number of seeds than that of the 
unploughed area. This result was obtained by both methods but the difference was only 
statistically significant in the case of the direct method (Mann-Whitney test: Z =- 2.34, 
n = 18, p <0.05). Field monitoring of vegetation cover also showed a significantly lower 
cover at the ploughed than unploughed site (Mann-Whitney test:  Z=-2.36, n=20, 
p<0.05). 
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In the case of the unploughed site, the direct method gave a considerably higher 
estimate of the number of seeds than the indirect method (after four months of 
germination). They are 4637 ± 4650 and 927 ± 3134 seeds.m-2, respectively. The 
number of seeds per square meter obtained by the indirect method was similar to the 
results obtained by Izhak and Ne'eman (1999) for a pine forest. 
The differences between the results obtained with the two methods reinforce the idea 
that the two methods should be considered as complementing each other. Nonetheless, 
the very time-consuming nature of the direct method and its inherent difficulties to 
determine species compositions make it very understandable that the indirect method is 
usually the preferred method. 
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